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LETTER OF TRANSMITTAT.

Bogron, Masg., July 9, 1883,
Professor W. P. TROWBRIDGE, . ‘
Columbia Oollege, New York city.

Sir: I have the honor to submit a report upon the water-power of theregion tributary to Long Island sound, .
based npon investigations carried on, nnder your direction, mainly in the summer and autumn of 1882. The results
presented rest largely npon personal observation, but yet more upon interviews with manufacturers, ¢ivil engineers,
and other persons having definite knowledge of the streams examined. Much has also been drawn from printed
reports, and information has otherwise been derived from a variety of sources. 'With the limited time at my disposal
it was out of the question to make a thorough examination of the numerous streams in this section, closely lined
as many of them are with manufacturing sites, and some of the remoter districts had to be overlooked altogether.
Nevertheless, enoagh has perhaps been learned to fulfill the general design of the work, in 8o far as it is included -
under the following headings: ¥irst, to furnish reliable information upon the tepography, resources, and otbher
physical conditions affecting the value of the prineipal streams for water-power; second, to give such deseription
of existing improvements on the streams as might be of general interest or of use in planning {uture works; third,
and especially, to present such data as it was practicable to obtain bearing upon the opportunities for further
development of power. In this connection estimates of available power baye been prepared for important sites,
in accordance with principles fully explained elsewhere and uniformly followed in the reports committed to my
care. Courtesy and aid were almost invariably received from those consulted during the worlk, and are gratefully
acknowledged. .

.Very respectfully,
DWIGHT PORTER,
Special Agent.
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METHOD EMPLOYED IN ESTIMATING THE FLOW OF STREAMS.

It will be admitted by all that the only satisfactory mode of determining the volume of & stream is by caref.d

measurements; and that, in order that such measurements shall truthfully show its character and capacity as.

regards flow, they must be continued regularly for a series of years. There are a very few rivers in the United
States, such as the Connecticut, Sudbury, and Croton, with some others, that have been gauged in this manner;
but the great wajority have not been gauged at all, and even where measurements have been made thers have
usnitlly been but one or two for a stream, and these have often been rudely carried out, and without recording very
definitely the aceompanying stage of water. .

Under these circumstances it may seem rash to attempt any extended system of estimates. I have chosen to

do 50, however, and mainly for the following reasons:. One of the great objects of this whole work Irtas been to -

show, so far as possible, what opportunities exist for the development of new water-powers, and the forther
utilization of old ones. A natural and leading question concerning any privilege described would be as to the
available power, and it is a question to which an avswer only approximately correct is much better than none at
all, A mere description of 4 stream stating that it is a certain number of feet wide and a certain number deep,
that it has a swift or a sluggish current, and that it is well or poorly sustained in the dry season, conveys but »
meager and indefinite idea as to its real capacity. Again, very erroneous views are frequently held and given out
as to the power to be obtained at certain points. Not once only, but muuy times, it has been represented to me,
with half honesty, that some privilege would carry “more machinery than is found at Lowell”, or “all the machinery
that could be placed upon it?, while it was evident that the power was really quite limited. What is vaguely called
the “average stage” of a streawm is sometimes used as the basis for calculating its power, though it is manifestly an
unfair basis. Although T recognize that the results of my estimates are liable to wide errors, and althongh I wish
here to diselaim for them a pretension of accuracy, yet, in view of the facts I have stated, I think’ they may have a
value in roughly indicating the available power of the various streams. I have endeavored to form them with
«are and discrimination; to obtain the best data possible; to compare the streams with each other; to adjustthe
results to actual measurements, where those have been made, rather than trust entirely to theory; and, especially,
to place them under, rather than over, the truth. _

These estimates will generally be found given for the following stages of flow:

1. Low water of an ordinavily dry year.

2, Low water of an average year,

3. Available ten months in an average year. : :

In using the term low water as above, I make exception of the abnorwally low stage which a stream will
sometimes reach, and maintain for some lLours, or even a day or two, and which is due to the ’rpmporary shutting
down at points above to permit mill-ponds to fill, » :

By an ordinarily dry year, I mean such an one as is likely to ocenr in the course of five or ten years. Atlonger
intervals, ranging from ten to fifty years, remarkable droughts may occur, when a stream will sink still lower and
reach its minimwm, but such an oceurrence is so exceptional that it need not here be considered.

Making the same exception as before for abuormally low flow, low water of an average year would, if gangings
were at hand, be determined as the average of the lowest gaugings of each of a series o years.

The third estimate is for the volume (o be relied upon ten montbs in the average of years.  Those ten months

need not be consecutive; they express the sum total of the time during which the volume will be above & certain
point, and include the period of high water, in which more or less hinderance, and even stoppage, are linble from
1711 %
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hackwater. It Is very seldom that an important privilege is developed to a degree that can be %-ealized only g few
months in the year; but it is common to introduce wheels of a capuc?ty for which the sul:p]y of water wil] sutlics
only nine or ten mouths, aud it seems fitting that a corresponding esblmzmt’e should be made. :

Iu all cases, unless vtherwise stated, the volume of a stream as given by me ntust b(_?' regarded as the.averagy
flow for twenty-four hows. By storage at dams during the night, and use of power in 'the day-time only, the
flow can be concentrated and more than the average discharge realized during the working hours. ButI have
fow data as to the extent of poudage that could be obtained ; and the effects Qf storage, in vm‘ying‘mnounts and at
differcut poiuts along a stream, are so intermingled that 1 think it impracticable to attem_pt estimates in which
that item shall be taken into account. The calculated Lorse-powers are gross, or theoretical; from 60 to 80 per
cent. of their amount will be yielded by good turbine-wheels. .

The method employed by me in constructing my estimates involves two general assgmptwns:

1. A certain proportion of the mean annunal rainfall as carried off, in the average of years, by each siream,

2. A certain distribution of that drainage through the year. '

) Both the assnmed proportion and its distribution vary with the stream; the general reasons whick act to

. change these conditions, such as topography, character of raintall, lakes, forests, and other causes, are so wel)
known, and have been so often stated, that I shall not relearse them here. With regard to the first assumption,
it way be said, in brief, that a large proportioual discharge will be promoted by a prompt and thorough drainage of
thé rainfall into the water-conrses; and that, generally speaking, those causes which are opposed to such a drainage
will tend to produce a lower proportional discharge. The two qualities of promptness and thoroughness do not,
however, always oecur in the same degree, but vary widely with the surface and otber conditions, and each may
act to disguise, and even to overcome, an effect of the other: Tor example, other things remaining the same, from
a steep, rocky distriet, with & scauty covering of soil, and devoid of forests, the introduction of the latter mighs
result in o smaller annual drainage; but their introduetion upon a flat region might increase the annual drainage
by sheltering the surface of the gronud and so diminishing evaporation ; in other words, while in the latter case
Iessening the promptuess of drainage, they might, to a much greater extent, increase its completeness.

In asshming the proportion of rainfall discharged by the streams, I have been gnided by such published data
as I was able to find. They are as {ollows: .

A.—Connecticut river, at Hartford, Tor the eight years, 187178, the discharge of this river was observed
daily, nnder the direetion of Mr, Theodore G. Ellig, ¢ivil er gineer.  The observations were made for the government,

.in the interests of navigation. The daily record for the years 1871277, both inclusive, is eontained in Bz, Doc. No.
101, House of Rep., 45th Congress, 2d session. House Ewx. Doc. No, 42, 46th Congress, 2d session, containg the daily
record for 1878, and also a summary of the discharge by montbs for the whole eight years. The drainage area
above Hartford, as given by Mr. Clemens Herschel, is 10,234 square miles (see Transactions Amer, Soc. Civ. Engrs.,
Vol. VII, No. ¢clxviii). From the Smithsonian rainfall records I find the average rainfall over this section to be
approximately 42.7 inches. Of this rainfall a mean aunual percentage of 62.8 was discharged by the river ; in the
vear of maximum discharge the percentage of the mean annual rainfall was 72.2, while in the minjimum year it was
518, The area drained by the Connecticut is hilly and mountainous, the valleys being more or less cultivated, and
the hills wooded and pastare land. )

B.—Sudbury river, Massachusetts. In a paper by Mx. Alphonse Fteley (see Transactions Amer. Soc. Civ. Engrs.,
Vol. X, No. cexxiv) are given theresults of a very careful series of gaugings of this river, extended through the
six years 1875780, from which it appears that of a mean annual rainfall during that period of 46.1 inches, an average
of 47.56 per cent. was collected by the stream.

Comparing the amount collected in any one year with the rainfall in the same year, the maximum percentage
was 57.90 and the minimum 32.71,

Comparing the amount collected in auy one year with the mean rainfall for the entire six years, the maximun
percentage was 66,13 and the minimum 27.09, The drainage area inclnded in these observations was 78 square
miles, deseribed as one-sixth to one-eighth wooded, and the balance farming land. ‘

C.—See Transactions Amer. Soe. Civ. Engrs., Vol. 111, No, Ixxxvii, Notes on the Flow of the West Branch of the
Croton River—dJ.James R. Croes. As a meaun from observations for 404 months, it appears that the annual rainfall
during the time, upon the basin of the West branch of the Croton river, was 50 inches, of which an average of
i2.02 per cent. was discharged by the stream. The drainage area was 20.37 square miles. Regarding the surface
features, Mr, Croes remarks: '

. The surface of this water-shed is very breken and wndulating, the hill-sides are steep and rocky, a large proportion of the arca is
covered with timber, and of the cleured portion the greater part is kept in grass, very little being cultivated. The rock, which lieg

near the snrface over most of the area, is a very compact gneiss.
In the same paper is given the propertional discbarge from the entire water-shed of the Croton river, {rom

which the supply of New York city is drawn. This water-shed includes that of the West branch, but is sixtect
17e :
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{imes as great, comprising 335 square wiles. The ])1‘01)01"t10n of flat and cultivated land is mnel greater,” The
discharge was not determined with as great aceuracy as in the case of the West branch, but showed as the average
of six years (1864-'69) a rainfall of 49.79 inches, of which 650.5 per cent, was carvied off h\ the stream.

D.—In the report for the quarter ending J une 30, 1879, of the Department of Public Works, New York clt\‘, is
given the average daily flow of the Croton river at Lloron dam for the thirteen years 186678,

The drainage area is here stated as 559 square wiles, The average avnual rainfall during the period was 46.64
;nehes, of which the mean drainage by the stream was 36.53 per cent.

Cowmparing the drainage in any one ye wr with the rainfall in the same year, the maximum vatio was 0.74, and
the minimum 0.45.

Comparing the drainage in any one year with the mean rainfall for the whole thirteen years, the maximam
ratio was 0.80, and the minimum 0.41.

B.—In a report by Captain Charles J. Allen, corps of engineers, U. 8. Army, ou the subject of reservoirs at the
gources of the Mississippi (Senate Br. Doc. No, 48, 46th Congress, 3d session), there is given a table, copied from a
report of the Boston water-board, showing the uunmll, rainfall collected, and percentage of rainfall ‘eollected, in
inehes, at Cochituate reservoir, during all but two years of the period 1852-79,

The average rainfall was 49.5390 inches, and the average percentage collected, 46, -

Jomparing the amonnt collected in-any one year with the rainfall of that year, the greatest percentage wus
78, and the least 25, 4

Comparing the amount collected in any one year with the mean annual raintall, the greatest percentage was
04, and the least 30,

T.—In his report on the Water-Power of Maine (page 53), Mr. Walter Wells assumes 40 per cent. of the 42
inches annual rainfall of the state as passing off in the streams, He describes the state as, in general, moderately
hilly, with a shallow soil, underlaid by hard and impervionsrock, The northern slope of thestate is comparatively
uniform in elevation, and contains extensive swamps ; the southern slope has a broken surface and a pretty uniform
descent toward ‘the sea. About one-fifth the surface of the state is more or less mountainous, and two-thirds is
covered with forest,

G.—In a report made “March 6 1879, to the Newark aqueduct board, by Messrs. J. J. R. Croes and George W,
Howell, on the subject of ftddl’monal \mter-bupply, the average annual yield of the Passaie, with a drainage area
of 900 square miles, was estimated at 26.75 inches on that area, with a rainfall of 42.55 inches. The ratio of yield is
2.9 per cent. The rainfall on this basin varied, according to long continuons records, from 42.55 inches on the
western boundary, to 46.40 and 53.80 inches, respectively, at two points near the eastern boundary. If we call the
average for the basin 45 inches, then the ratio of assnmed yield as above is 59.4 per cent. Regarding the surface
drained, it is stated that—

Topographically, the water-shed above Paterson consists of a great eentral basin of about 200 square miles area, with a general

clevation of 120 to 180 feel above tide-water, and surrounded on three sides by a broken and rocky hill country, extending generally for
about 12 miles from the basin.

In the same report (page 37), the average yield of the Concord river is given as 18.62 inches, on a drainage
area of 352 square miles. I find the annual rainfall on the basin to be 42.47 inches, from which it appears that
43.84 per cent. of this is carried off by the stream. '

Again, in this report (page 37), the average anmual yield of the Merrimack is stated to be 29.85 inches on a
drainage area of 4,136 square miles, From the Smithsonian records I estimate the mean annual rainfall to be 46
inches above Lowell. The mean discharge of the Merrimack is, therefore, 64.9 per cent. of the rainfall.

H.—The report on a Survey of the Waters of the Upper Hudson and Raquette Rivers, made by Farrand N. Benediet,
in 1874, assumes (page 22) that the annual rainfall on the plateau is 64.53 inches, and the drainage 45.42 inches, or
70.4 per cent. Mr. Benedict also remarks that William H. Taleott, ¢ivil engineer, in his report of 1839 upon the
supply of water for the Genesee canal, concluded from experiments u‘mde in connection with a reservoir on Madison
brook that “ the drainage of Madison Brook valley during the whole year is 0.518 of the rainfall”.

I.—Humphreys and Abbot’s report on the Mississippi river contains approximate determinations of the ratios
between rainfall and drainage for that river and its chief tributaries. The ratios as given vary from 15 (o 90 per
vent., and will be found in detail in the summary,

J.—Captain Allen, in his ealeulations for a reservoir system at the headwaters of the Mississippi, assumed for
the sources of that river a mean annual rainfall of 25 inches, and for the available quantity actually finding its
way into the streams, 0.7 of a foot, or 83.6 per cent. of the rainfall. (See Appendix § 8, page 1199, Report Chief of
Lngineers, 1879, )

XK.—1In the fall of 1880, Mr. Joseph P. Frizell, United States assistant ennmeu‘, in examinations carried on in
connection with the Mlssms:p[u reservoir system, made a reconnaissance of Rock river (Wisconsin and Illinois) for
suitable reservoir sites. In his report concerning Horicon reservoir, situated some 50 miles northwest of Milwaunkee,
and having a drainage arca of 491 square miles, he assames a rainfall—that of dMilwankee—of 35.33 inches, and
that 40 per cent. of this finds its way into the reservoir. (See Report Clicf of Engineers, 1881, page 1809.)
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L.—On page 2400, Report Ghicf of Bngineers, 1881, is a report by Mr. C. D. Ward, Un.ite'c.l States assistans
engineer, on a wuter-supply for the proposed enlargement of the Wabash and Lrie, and Mlam} and Erie canalg,
In estimating coneerning the reservoir supply for those canals, Mr, Ward assumes an annual drainage of 10 inches,
from a rainfall, at Bellefontaine, of 40.49 inches, or a percentage of 24.7. IHe states that—

Most of the gathering gronnd being rather flat, the rain Tnuning off elowly, giving time for a large amount Of evaporation bhefore
reaching the streams, I have assumed 10 inches as the annual drainage. ‘

M.—Humphreys and Abbot give the drainage area of the Missouri river as 518,000 square miles, the annug)
downfall of rain as £5,200,000,000,000 cubic feet, and the percentage drained off as 15 (=3,780,000,000,000 calie
feet). I was informed by Major Charles ®. Suter, corps of engineers, U. 8. Army, that for the year 1879 the tot)
discharge of the Missouri was 2,335,143,946,400 cubic feet, and that it was not, probably, materially different i
1880, although at the time of Lis letter the calenlations had not been made for that year. If we assume the mean
annual rainfall at the same rate as assumed by Humpbreys and Abbot, but for the more recently determined
drainage area of, in round numbers, 528,000 square miles, the above discharge represents a percentage of only 921
of the average rainfall, Whether the year 1879 was an unusually dry one throughout the Missouri basin, I am
unable to say ; the following records of the signal service, at several scattered points, show how the year compared
in rainfall in those localities with the average of years: : ‘

Rainfallin 1879 at points in the Missouri basin, compared with the average rainfall at those points.

[From Signal Service recorda.]

S i p iy | Ratio of
| Luesliy. Teootd, | I, | average: | JET0L0.
: i | i
: 7 i :

i | Inches. : Imohes.

I Saint Louds, Missouri ..., ..o 1871~'80 { 35,70 1 36.99 | 0,09
o Leavenworth, Kansas. ..., 1872-'80 | 4L.G5 : #9. 80 ! 1.06
[ Omaha, Nebraska .. ... 1873-'80 1 80.81 | 8318 091
I North Platte, Nehraska............. 167580 1 20,060 | 1813 112
J Yunkron, Dalsota ..ol 1874080 2083 | 2734 0.83
' Denver, Colorado .. oeevvoiae .. 1872-'80 10. 86 14. 064 0,74

............. — i |

N.—Clear creek is a mountain tributary of the South Platte river,in Colorado. It issnes from the foot-hills of
the Rocky mountains at Golden, above which point its drainage area is 436 square miles. As the result of a large
number of measurements, extending at intervals through a period of over twenty years, and made by Captain E.
L. Berthoud, of Golden, it appears that the annual drainage past that point is about 7.75 inches on the water-shed.
Captain Berthoud estimates the average rainfall at 20.62 inches, of wbich 87.6 per cent. is, therefore, carried off by
the stream.
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J

A summary i8 herewith presented of the facts hitherto given concerning drainage:

Table showing observed and assumed ratios of drainage to rainfall in vavious parts of the United States.

I

Stream or locality.

i

A.—Connecticut river, at |
Hartford, !
|

B.—Sudbury river, Magsa-
chusetts, .

C.—West branch of Croton
river.

Croton Yiver cooeeenve--

D.—Croton river

E.—Cochituate reservoir...
F.—Rivers of Maine . .....-

G.—DPasseic river

B
Caneord river
Merrimaek river

H.—~New York platean;
upper waters of Hudson
and Raquetto rivers,

Madison lrook, New
ork,

1 —Results for Mississippi
river and_tributaries, ns
given by Humphreys and
Alhat: (b)

Ohioriver

Upper Mississippi river
Small tribntaries

Arkansay and White
Tivers.

Red river

Yuzoo river
Saint Francis river....

Entire Mississippi, ex-
clusive of Red river.

J.—Headwaters of Missis-
sippl.

K.—Horicon lake, Wiscon-
gin.

L.—Propased enlargement
of 'WnP)uslx and Brie, and
Miami and Erie canals.

M.—Misgouri river

N.—Clear eeck, Colorado. .

!

MEAN ANNUAL RAINPALL,

Ratio of

Remarks,

Drainage I _ fﬁﬁh drainage
ared. | Ly : drainage, | toFaiw
] Spring. | Summer, [Autumn. | Winter. | Vear. |. ge. fall.
e _4_...,,_._,‘1 i —
Sq. miles, 5\ Inches. | Inches. | Imches, | Inches. | Inches. Inches.
@10, 234 10. 30 11 90 11,80 0,20 42.70 26, 800 0. 628
|
i
8 12,20 12. 60 1L 70 9. 60 46,10 21.927 0, 4756
20,87 12,70 15. 60 12,00 9. 80 50. 00 31,458 0. 6202
335-330 12,70 14. 35 13.08 0.66 49.70 25130 | 0.8¢5
335-389 11. 90 13.43 12,25 9,006 46, 64 26, 352 0. 565
............ 13.48 12, 60 11. 90 1161 49. 5% 22,810 0. 46
............ 9. 00 10. 00 13,00 10. 60 42,00 16, 800 0. 40
b
I
i
900 10, 98 11,93 11,42 8,27 42, 55 26. 750 {0620
: | |
852 117 11,36 10, 64 9.90 ‘ 42,47 18. 620 ‘\ 0. 4384
4,136 11. 50 12,50 12.00 10. 00 ‘ 46. 40 Y9830 0 0. 640
.................................................... 1 64.53 45.420 | 0. 704
1 L |
. b .
089.96t0]  20.34t0 |}
| S ‘ .................... ISR S § A o Sotetl oo g
} ! z
! l ’
214, 000 } 10. 80 12. 00 9,30 9,80 looemenos 10. 057 0. 24
] o
518,000 |  7.10 8.50 4.40 2,70 |ueemnane. 3.141 | 0.15
169, 000 9,80 12,60 8.30 470 feeean as ) 8405 0.24
32,400 | - 11.60 12.90 10. 00 13.00 |oceennnnn 43, 044 0,90
189, 000 6,80 11.60 ¢ 7.20 400 ccerennn 4. 505 0.15
I
l?
o, 000 10. 30 12,60 8,70 8,80 |seenunn.., 7002 Q.20
" 13,850 1110 10,20 9,00 15,80 foenevnnnnn 41. 852 0. 80
10, 500 1110 10. 60 8,50 10,70 {aeermannn. 40. 584 0.90
L147,000 |heeenoiifevmnmmnesfomenanesanfommmnnvansfoncmananes 7.818 0. 256
P P 25, 00 8,400 0. 336
<401 9.72 1..27 8.59 5,75 85,33 14.180 | - 0.40
............ 10.01 14.25 813 810 40, 49 10, 000 0. 247
€528,000 [.ooniieiiimmcnniniiforinanean, N P aLa0d | ceanal .
-5 I O R P [ 20,62 7.950 0.376
i
i
I

| -
1
1
!
!
!
|

i Drainage determined by measurements of dis-
charge at Hortford for eight years. Country
drained hilly and mountainous, rocky and
wouded.

Diainage determined by eareful measurements
of discharge dor six years, Country drained
ane-sixth to ene-cighth wooded, balanes farm-
ing land,

Drainage determined by megsnrements of dis-
charge for forty-nine amd a hall monihs,
Country drained Lroken und hilly, with steep
rocky slopes, timbered, and little enltivated,

Drainage determined by measurements of is
charge for six years; less aceuraty, however,
than in case of West Iraneh,  Drainage: area
inelndes {hat of West braneh, but proportion
of flat and cultivated loml is much greater.

Drainnge determined by measurements of dig-
charge for thirteen yeurs.

Based on observativns for twenty-six years,

Assumed ratio of drainage in Water-Powrer of
Muine, Surface of state maderntely hilly,
monntainans over about onefifth, containg
wany lakes and gwamps, is nnderlaid by in-
pervious vock, and two-thirds covered with
torest,

Agsumed ratio of drainage In estimating for
watersupply.  Raiofall assmmed as given,
though it varies vn the drainage area fiom
42050 to 40,40, und even 03,80 inches, Basin
Lilly and racky. :

Baged on drainage us given by Croes and Howell,

Do.

Ratio of drainage assmmed by ¥, N, Benedict.

»

Conelnsion ns to_rutio of drainage drawn by
William 1. Taleott, eivil engineer, {rom. ex-
periments hy John B. Jervis,

! Great variety of surfaee, from wountainons to

i 2olling and flat, and from forest to apen prairie,

| Country monntainens and timbered at head
waters, hut vast of the Rocky mountains a
rolling prairvie without timber,

Heavy timber and many lakes,

Countiry mountainous at hendwaters of Arkan.
sas, thenee eastward rolling prabvie, till in Ax-
kansus o more varied surtace is cneountered

| aguin, including come mountaing and a Jargo
yroportion of timher,

Large proportion of open praivie; lewer basin
timbered.

Basin heavily timbered; npper purt Lilly and
broken; lower sunken and ilat,

Ratio assumed by Captain Charles d, Allen, corps
of cngineers, in caleulations for reservoir
system.

| Ratio assumed by Joseph T, Frizell, in calenla-
tions for reservoir,

Ratio assumed by C. D. Ward, in ealculations for
reservoir supply. Country flat. .

. Drainpge for 1879 == 0.091X estimated mean an.
nunal rainfall.

Based on measnrements by Captain E. T, Ber-
thoud.

1

the figures must not, therefore, be depended on as strictly acenrate.
@ The drainage avea taken in this article for the Connectiout river at Hartford is as given by Mr. Herscliel, and is B0 square miley greater than my own
measurement. The disagrecmwent is too slight, however, to make any essential differencos in the résults obtained.
b In the case of the streams considered by Humphreys and Abbot I have stated the rainfall by seasons as given in their report. *In estimnﬁqg‘ﬂm _\’em"ly
downfall, however, they adopted figures slightly different from the aggregates of the seasons as here given, and based upon the amounts shown by three different rain
charts—the Army, Blodget’s, and Delta Survey.
¢ Drainnge aren, in ronnd numbers, by more recent measurement than that of Humphreys and Abbot.

@ Year 1879 only,

NOTE.~In some of the reports cited the rainfall is not given by scasons, In several guch cases I have estimated the amounts trom other rainfall records, and
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b WATER-POWER OF THE UNITED STATES.

The ratios of drainage which I bave assumed in different sections range as follows:

Ratios of drainage o rainfall assumed in this work.

S ————-

S e

Men,n1 - Apsymed l
annua average | Aag
rainfall on annu?ﬂ \| 1';:1"(‘7?3}1
Section. wuter-silaeds ] drainage | draioage
cousid- [from water.| to raj
ered. (@) sheds, { to zainfull,
Inches. Inches. f
=5 e N
Tegion tributary to Long Tsland sound ... FISSORRN "1}(:5 :;i 174274 \ 0. 40-0, 63
g o4 .
Hudson River Dasin oo vremer vomrenesannss ! H 18 -24 i 0. 450, 80
Region tributary to lake D U TNRP o S ST e B q ) ...............
Taatern GUIEBIODE covnrrernmrearne sromrocaasrssaeners g - 49 b4 165-24% | 0.80-0,50
Ohie Biver hasin (portion lying in Qhio, Pennsylvania, and the northern pact of Wenh VATEIUIAY « coumnmnmemnsommameesonnssysinmasfior s smsnsso st s fersae e,
FBLOTIL TOWIL BlOPB. e oo eneen. smmmmsmasimansssasssn somnanssssunnmnsens nonrn st ia i ooes 264-424 612 0.25-0.50
Eastern Missouri slupe 382-30% 133~14 0.85
Miggonrd River basin (portion draining to the main river below Yankion)ceeeaescunsessmsessssrerrnr vormn o270 13 ~41. 2-13% 1 0,10-0.35
Arkansas River busin (portlon estimated upon is Yimited to southeastern Eansas and a part of the White River basin) 361-39% 74~185 | 0.20-0.35
ted River basin (estimutes confined to upper besin OFrOUACHI FIVEL) areemsammmmnans snomvossuse somsaesronmsmmminsntinesionnns 50 © 12 0.25

e
o The rainfalls here given are not necessarily the limits for the section congidered, but rather refer to the data actually employed in estimates.

I shall now explain the second assumption made, viz, that of a certain proportional distribution of the drvainage
through the year. However uniform the voluine of a stream may appear teo the eye, it in reality hardly remains
the sume two days in snccession, Or, indeed, two bours in suceession, but is subject to constant fluctunations, even
though they be at times slight. The periods of high and low water are also of variable occurrence, and in a series
of years may range through pearly every season. If, now, we take the flow of a stream by days for au entire
year, aud arrange it according to the days of least discharge, representing the average discharge of each day
by a suitable ordinate, an approximation to some sorb of a curve will result, which will illustrate the distribution
of the flow throngh that year. If we are able to employ as the basis in constructing the curve the results of
gangings extending through a series of years, the characteristic of the stream as regards flow will be shown with
great aceuracy. My own experience in constructing such curves has Dbeen that, although from the records of a
single year only a broken line may result, having no well-defined curvature, yet from the gaugings of a series of
years o quite regular and beautiful eurve will be obtained. This method of showing graphically the distribution
of flow of any stream was, I think, fixst practically deseribed and carried out by Mr. Clemens Hersehel;(a) he
arranged the resulés of gaugings by calendar months of least and greatest flow, but for my purposes I have preferred
to arrange them by days where they were accessible in that form. .

The forms which the curves, determined in this manner, may take, are infinite in variety, being due to all those
diverse conditions, aud their combinations, of climate and surface features, which affect the flow of streaims. There
are certain general principles, however, which may be observed regarding them. Itis obvious that if the rafe of
discharge of a stream were to remain fixed and invariable throughout the year, its flow would be represented by 8
straight line parallel to the axis of abscissas. Any causes which act to throw it out of that condition of uniform
flow will tend to produce a curve, and the greater the extremes between low and high water, the more will the
curve depart from the position corresponding to an invariable volume.

We may construct the curves on three different bases:

1. With respect to the ahsolute rate of discharge in cubic feet per second per square mile of drainage area.
The eurves thus formed will show the striking contrast that exists between the streams of the Atlantic slope and
those of the western prairie regions, as regards the yield per squarve mile. If the average high-water discharge of
{le Missouri river were at the same rate per square mile as that of the Conmnecticut, it would amount to over
6,000,000 cubic feet per second ; and, similarly, the low-water discharge would be about 985,000 cubic feet per second.

9. Relatively to low water (average low water where that is known), taken as a basis of reference. In this
msuner the fluetnations “of the streams will be brought out more prominently, and it will be noticed that the »
Avkausas, for instance, for the single year given, although its curve under the first case is flat, and shows only -

small variations in discharge per square wile, was really subject to a very great relative fluctnation of volwme.
bhetween low and high water. '

3. We may construct the curves with reference to mean flow for a series of years, considering that as nuity, ot
w basis of veference.

Such nmmerical data as I have been able to find, and upon which the curves shown are based, are given below.

There are o few cases in which {he gangings have been carried through a series of years; 1 have also incladed
some examples in which they were made for several months or a year only, and these may have some jnterest,
though they are of much less practical value than the former. . ‘

e [
o Remarks on the Gauying of Streams, made June 1%, 1878, at the tenth annual eonvention of the American Society of Civil Engiuesrs,
by Clemens Herschel, ¢ivil engineer, member of the society. Mr. Herschel states that le received the fivat snggestion of the ethod {rom
Mr, Joseph o Davis, city cugineer of Boston. )
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METHOD EMPLOYED IN ESTIMATING THE FLOW OF STREAMS, 7

Table showing distribution of flow of streams through the year, in cubie feet per second per square mile of drainage areq.

(@) ARRANGED ACCORDING TO DAYS OF LEAST DISCHARGE.

SR T ; ;’T:U I — i = ; ; T S S e
| 22 A S S -
& B i } ! . | ¢ | c 5E
298 ! j i j ; ! ! ; s%y oy
Approxi- [EEE : ; 1 ; i | f i LTE Ea%
= = ; . 3 : ¢ | d . e D29
Strowm, 1 m?:{;}:ge SooF | 80th. | 60th. | 00¢h. |120th,  150th. { 180th. | 210th,  240th. 270tk | 300tk | 330th. | p0th, " B JE Sk g2
| aren. |SEReE ! i : i ! ! ! | | | A - -0
| =58 ! 1 i i i l ! -3 g5 =g §8AE
' f. 22 | | ; ! voE fETgdls sd
ERIE ; ! | oA ES e S P
-« (‘ ;K ! ! : % } = A Tl 7 :‘ SR
' —t e e e b b i R [ DR
i Sy, witles. N 1 : f : :
Connecticut, st Hartford (¢).] 10,234 |  0.540 | 0.620 | 0.65¢ ! 0,760 | 0.870 | 1. 030 { 1,950 | 1.540 | 1.970 | 2480 ( 8.250 | 4,780 7720 [ f o v
) : ! !
ATKADAAR (8) - eenennnnnnn e 160,000 | 0,015 | 0.022 | 0.082 1 0,056 | 0.206 | 0.960 | 0.310 | 0,364 | 0.400 | 0.425 | 0,450 | 0.469 | 0. 508 ‘ 0.5381 0.2 | (2)0.333
Mississippi, at Columbus ().] 930,540 | 0,140 | 0.180 | 0.260 | 0.350 | 0.460 | 0.510 | 0.570 | 0.640 | 0.730 | 0. 930 | 1.140 | 1.260 | 1, 490 \ 1ol o] o5
{ } 1
Mississippi, at Vickshurgand { | ! ! ! ! | i |
NRECHOE (F) < v weeevnennmnnn 1,154,607 | 9,200 | 0.250 | 0.340 | 0.450 | 0.620 i 0.720 l 0.760 | 0,910 1 0.990 | 1.040 | 1.060 ‘ 1.070 E ...... l1os0] oge1]| om0
! §| 1,160, 000 i ; : ‘ i \
Mississippi, at Carrollton (h)2 L 1373 000% 0.172 | 0.219 | 0,286 | 0.253 | 0.288 | 0.412 ] MM, 0.618 ) 0.67% | 0.735 | 6.800 | 0.910 | 0.969 i 0,980} 0.507,  0.53
! ! ! i \‘ i : f i i
' ! i i it

a The avorage lowest day is employed where the records used cover more than one year.

b In some cases the results of this column are based upon longer records than were acoessible for the detailed data necessary in making ont the main portion of
the table.

¢ Deduced from guugings for the seven years 1872-'78.

d Eight years, "

¢ Deduced from gangings at Napoleon as given by Humplreys and Abbof; December 10, 1857, to December 6, 1858,

f From gaugings as given by Humphreys and Abbot; Decomber 1, 1857, to November 20, 1858,

g From gangings as givon by Humphreys and Abbot; January 3 to December 15, 1858,

h From gaugings as given by Humphreys and Abbot; February 15, 1851, to February 18, 1852, Drainage area is exclnsive of that of Red river.

()) ARRANGED ACCORDING TO CALENDAR MONTHS OF LEAST DISCHARGE.

' A e e | i 1 & By
RO g ] i i DS D 229
1 |85 g3 | =58 | 222
i rahy ; 2o | $Ew
| L |med® ) SgE lE_E
| Approxi- .gn«;: ; pES s 5‘:&%.'
Stream. 1 oo, | SwBE | 20 | sd | em. | Bth | Oth [ Tth | Sth | 9th | J0th | Dith | 1oth fQE = | E 5%
aTen. e g : ‘ 0EZg m%is
! .9 B ! | &S Ay | thg A
{ s o,gg i 5 3 F] g‘ 5:.-‘ 2 g
| :1 ERERS i z'i‘.vﬁ? @ Q EEF
] . -
| 8g. miles. | ;
BOABUEY (6) cna s amnnan ) 78| 0.70| 0.250 | 0.430 | 0.000( 0.7 112 | 1420 1860\ 2100 2090 | 080 | 580 L75t, Lol
] 1
West, branch of Croton (d) -...] 20| .30 | 0.540 | 0.760 | 0.870 | 1120 | 1.500| 2.380 | .50 | 2.140 4.300 | 4,680 | G.110§ o317 2,317
CTOtOM (€) waeemeeeeeeenaaenn, i 330 |  0.404| 0.839 | 0.980 | 1.000 ] 1.263 | 1607 | 2.031] 2200 | 2.446 | 2,607 3.179 | 8.532]  1.860 1,040
Coneord (6] «oveneeaeneneaann 3520 0,344 0.406 | 6.450 | 0.530 | 0.671 ] 0.848 | 1.104| 1342] L0695 2102 2,649 | 201 1om 1.371
TASHAC () vveevmnennemenns 1 900 | 0.580 | 0.751] o0.071| L.104| 1.825| 1.589 | 1.898 | 2.208| 2.661| 3.002 | 2.532 1 4150 ) 1960 1968
Morrimack () vueeveennn.... | 416 0080 0.777| 0.430) LUS| 50| L50| 1872| 2300 | 2073 8204\ 4088 52| 210 20w
BESSOTE () vereeaeenarenes {528,000 0.057| 0.065| 0.008| 0.074| 0.078 ] 0.090 | 0.098 | 0.146 0.160 ICECR XYY T 0,231
Connecticut, ab Hartford (hy..| 10,24 |  0.040 | 0.600 | 0.760 | 0.885| 1.162 | LaoT| 100 | 202 2405, 260 ssm G| Lo 1073
( '

« The average loweat wonth is emplayed where the records used cover more thun one year.

b In somo cases the results of this column are based mpon longer records than were accessible for the detailed data necessary in making out the main portion of
the wable.

¢ Dedueed from earefnl gangings for the five years 1875-'79. .

d From gaugings for the three following years: May, 187, to April, 1808; January to December, 1870; January to Deccmber, 1871,

¢ Deduced from monthly average flow for a series of years, as given by Croes and Howellin report to Newark aquneduct board, 1870.

J Dedueed from monthly average flow for a series of yenrs, a8 estimated by Croes and Howell in report to Newark aqueduet board, 1870,

g From gaugings for the year 1879,

& T'rom gangings for the eight years, 1871-'78.
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WATER-POWER OF THE UNITED STATES

Flow as given in preceding table, arranged relatively to lowest day or month,

(@) BY DAYS OF LEAST DISCHARGE.

e : T———
| Avern ge ‘ )
Stream (%3;‘ ?:g 50th. | GGth. | 90th. | 190th. | 150th, | 180th. | 210th. | 240tb. | 270th. | 300th. | 330th, | 360th, IHi almst
’ sumed as | Y
unity). | \ !
e T —
Connecticut. . 1.00] 115| 128| L41| 16| 191| 281 28| 3.05| 450 0.02] 870 M3 g5
B N I
ATKAnSAs ()« aemeeeeneonnen- 100 | L49| 216| B8.82| 14.03| 18.28| 2168 | 24.74| 27.21( 28,01 | 80.01 | SL8S | 8456 gg55
Missinsippi, at Columbus (a) 1.00 1,20 1.8 2,50 3.20 3.64 4,07 4,587 5,21 8, 64 8.14 9,00 | 10.64 { 10,78
Mississippl, at Vicksburg and Natchez (q). .. o0 125 170 2.95) 810 360 3.80| 455 499 520| 6530| 658 l...... I 54g
Migsissippi, at Carrollton (@) «evee..eeeenceen. 100 1927] L7t vL4y! 1e67| 28| 287) 360( B.04| 427 465| 5200 563! 6.7
(b)) BY MONTHS OF LEAST DISCHARGE,
Average }
lowest i
Stream, month 2d. 3d. 4th, 5th. 6th. 7th. 8th. Oth. | 10th. | 1ith, | 12th.
(asgumed
a8 unity), )
SQADUET « e ee oo e e eaaens 100| L47| 258] 8.53| 4.05( 6.569| 835 10.88 | 12.35 | 15.47 | 2650 | 4.5
Went Branch of CPObOD . ..vuus veevevrnrorurnreunnseaman camns 1,001 1.38| 1.95| 293 287] 38| 610] 65| 805| 1L.26| 1200 | 1567
CLOLOB o eveeememeeeemnan reretaraaane—————- e e Lo00f L70| 200 216] 256 32| 411{ 450 | 405! 5.40| 644 715
JOTEOTA + v et oaeeke e amemmme v eamaensmemnnesanrmranneans Loo| 18| 131| 157 L95| 247 3.21| 890| 493| 811] 70| 1247
PRIBAIE «ceeveererereanrera e amenensamrsnnanemnsennnmnnnennn Loo| 142 18| 208[ 250! s00] 8.58| 417] 48] 506! 668 7.8
g i _ ]
MErEIMACK .o« eeeramerarieneacanereannns reeaemaeararener e 'ono00| 14| 188 1.64{ 197! 28| 295( 822| 398 484 6.01] 852
MISSOUTE (@) + v vvvveronaaammnann. etee e rneeaas e 100l 14 1.19] 1.30| 137 i L58| 172 2.66| 28| 8.58| 582 508
Connectient voerveeerveemiennecann., .. f et naenaaa—a——. | Loof 106| 117 136! 177 215] 255 32| 87| 438! 682 812
I
@ Results based upon ohservations for a single year, as previously noticed.
Flow as given in table on preceding page, arranged relatively to average flow for a series of years.
(o) BY DAYS OF LEAST DISCHARGE.
i : j !
Avera,,e| Avor- i ) [
Stream. flow (as- u;mlow 30th. | GOth. | SO(L. | 120th. | 150th, | 180th. | 210th. | 2401k, | 270th, | 300th. | s3oth. | scotn. |Fighest
smmed ns; sn oy | day,
unity). e !
e 1 \ - I . | ,
i : | )
Comneetieut ..oooiin e 5 Loo!l o027] 03t 6os| 030 od4t! 052| o063 07| voo! n26| Les| 240 ol I
APKANSAR (@) e e rer wermranniian —an ! Loo !l 0.04] 0.07 l 010} 0.37] 0.62] 0.8 095] 1.09| 19| L27| L84| 1407 L5 1,60
Mississippi, at Coluubus (@) -...... l Loo| o027 o8| eso| on7l 088 098] 110] 193] L4o! L7B 10| o2de| o 2,90
Mississippi, at  Vieksbur ;,r an( 1 ! l !
Nutehez (i) «oceevvnnenraanrsnoaenn g 100 087 0.46] 0.63 0.83; L6 1.33) Ld4l| 169 L8| L93| L67T, 1.99 ... &%00 -
Missiasippi, at Carvollton m)‘l L) 0.92) 0.4 }\ 044 047 ) 0.53 ’ 0.76 | 0,92 ’ 1,15 | 126 1.36| 1.48( 1.69] 1,80 1 1.83
(b)) BY MONTHS OF LEAST DISCHARGE.
- ] - ] ! ; ] !
' ﬁtvem"e Aver- | | " [
Stream. |y labeel 2 | oad | ath. | sth, | 6th, | 7th. | sth. | &th. | 1oth. | 11eh. | 12th
! unity). {month. : i ‘ ; i i
R R — [ A i : : ! o
| - R S R
E T PN Ly oIl 016 0.27) 037 0.49| 009| 0.88| 115] 130| 1,63| 246| 5.6
West braueh of Croton ...... veemraranas ‘ieerneena L0} 017) 023 088 .0.88| 048] 065| 1.03; 110 1.36] 1.00| 20z 264
[ PSR et .. Loo| 025, 0.43; 0.51| 055 0.65| 0.8| 1.05| L17]| 126 1.87 | L6 1.82
Coneord.. .. veueeaaen.., e e m e Loo, 025 0801 03| 03| o042 o62| o8| cos| roe| 1L 53L 1.93 313
TASBAIC - ce e enemrnemramnerenenn v a e aanas . 100} 027| 088! 049 056 067| 0.8 | 0.06| 112| 1830| 52| L7H| 21
METTTmACK c oottt i et ey e L00) 031} 035 043, 051 0.61] 072, 0.8 | 1.00| L22| 150, 186 2.64
MASSOUTT (@) oennneenans . eeeneearan e s Lo 625 028 029/ 032 03| 039, 042 o6 | o 69| 0.8 131 1.48
Conpeeticut.oun . ceen.n. et s LOO| 083} 0851 039] 045| 058 0.70] o0.84| 1.07| L8| 143 224 %67

o Resnlts based npon observations for a
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single year, as previously noticed,




SQIIVTARIP JU HOAI =L LD
1 A TR 4..4»I,. ..IA_.nlj

t T HESunay RN NEE. 4
Y/ 3 1 ! siilln
o i : HH : -0 R 1
T L A ; < g
v " ol N o
/- i 4.. -
) £2) L. 4 4 - - 11 .
] Tt :
- : ’
! f A
T il /! T 3 FEHHAL ey A - T
i il 3 A4 193]
; b
1. -] et O S T i 4 PR
LT : i ‘ § ST g o+ R T
s s gags - e B
T o RNgIn us riLL -
E T EPETT 1 T
¥ . -1 borbn ot
i I + tdbet e -
EELE 14 7. i L5 Wi s
i ; T i | L » - b
NS Sy : | - t A g B
S Ty T » H i s
R okl R R ) : SAREF PPN Y bl [t
iR e T e e 1 o T
} L rriie e EEISEARRRREALE
i : ¥ il T
{3 B Fidl SRR EEgquuy py
i PRI AT T e
pans I FENRE 3 Eawvcors
- i ; L
- etk 4 X FERERNuEnNE
¢ i s IR RREN .
SERERANY ! ngd A
Y i e
- X o G-I RO
r 1 Y G, . e
T Lm,ll.lvl,
i unfusan
RS m‘ M.l( -4
SEERRS SRanx
x ; XNNS
RARENS 1.
£ -
; CHITE
EALINTE NEO DRI I 2 DEDE AN SRR TR AE UM T2y S AN JRURUN N UL ARSI POy U U6 06.05 SPUDRY QRN N5 N 00 38 8 Y
= e ;




wHangostn Jo seAInD—F "BLI s
¥ T AN ¥
o i 3 - - =S 2 ] 3 : “]ﬂ
FE T : H
E , 5 _ i
; + Y
T f 2= : ,
N3 ! :
T ; _
1 W L. ‘ m
i : - > R B T
(N T 1 i ﬁ 5 : - -
F-um— F Tt 2yt - > : N
- =T N N I £ v (7 T
PEO-EEE o \ , gs 1 b S 2
; T =
T Hf - LT g S = :
‘— ¥ " It et AN
|
L
* ? . 7
Ty ! i ‘ ‘
: 5 ] E : eIy :
= C: i ! T 5 . i
, : ; : gy Tt
NNV . T :
r - - 2]
x - T ~t b L
; T | D 3 f :
- T : - et
+ L ” | “,— ] & «
A D] L | 2
[ z :
;i H ] 1T Y
2t S T
- pd | Y ! 7 ﬁ _< .ﬂ ~
-+ T i -+ V- 7
4l o : _
T T i + - H :
;i T & T T i
T i e
ax ! i T
W » ! T T i
< Y | < -
; ) in 1 ] T
M| } t ; ; :
1 ; i ! ]
- T ¥ <
£ ‘ : 5
Fe B : ~ | . | |
ey : . . :
o) T I i -
~ [} o
; & ) I 1
> 5 ; |
; T
: n
T L a
i : : i
: : 8 : : : et
¢ :
T A - i
;
ri : :
-
; T
{ J :
\ ERENEN " FHodB:
7 m : g
? T
T 4 v ‘
: +
ré dl :
: - - SH6H
+
T
- T
. y: u ” :
E 38% J\l: , )r\
o g 7
7] Ki — ,N
ey
I
FARY. JAN.ﬁ L
: L
e
_ .
] : *
x 13 £ : w\
T = I \T
T 7 T - m
.” ] : ! NRANE
H L ;
1 't T : : | :
T T | -] ek o
S i aums
-
) SIS NN A N N T nE 1 xaE =
1} AT : H = “ i2is
=P 3 I T T f } + " t i - \_r
1 R ; . +-
o | i J
, o T
—r : : i i
: ! 28 H_F ! AR
T RNSER BN ]
! : k r
. : | m + - H
« T : ;
SERANE NN N AR i
e i + + : :
_ SR 1 1 11
B A i HHH ! BEasiz:
A f D e fEssEd
‘ . N R ST (] Il
‘ |. wl, 3 v s -}t 4d
uas £ WANS i HIPRETE 2k
,1 | i R R S, AL
i nas RN NANE RS n MR RANARRERS
BRAR
y = g
LT i R T naESNRIEE
FH o
Tluirl: I am




-afawyosip Jo geAIND—'q 0L

T T
: b nw
T -
i
T
T
1
1 ¥
T
- T 7
UL L= e
1 5 A TT —
4 S —
. 11 2] e =
i e r{r] ;
= 5 = 1] = ey il b ?
] L s — 5 G
Lt T z
i I I ] e Al il s k]
e t ( o s FARE i T
T =t I -, I T i L I
- — Lot T Il et T ()
== r: =
= =
o a4
o -
B ; SEaan
" ; :
] ri I
- e 23 )] W
- o =
T
i
b
i t
7
. -
L
> L : : T et
i i [l I T T
+ L T T
Wik REAEREE : : SRS .
— it S Lo +
; s = e a5, » B T =i} Ak + e
I muu N = 7 . un ~ = o ! T
- 1] = =3 AR = 3 ) i =t yarart
= g v - = 7 :
+ reme_ q + A 17N +
> = 3 2} (E Fo ) 1 RYeYY
% QoL
Tt
T
et
Frt
T
T il
T
.




METHOD EMPLOYED IN ESTIMATING THE FLOW OF STREAMS. &
In fixing upon the rate of discharge for low water of a dry year I have assumed a certain absolute figure per
square mile of drainage area for each streamw, in the selection of which Ihave been guided by the results of
gaugings made either upon the stream considered, or upon some neighboring one. The ratio which exists between
low water of a dry year and that of an average year, as determined by measurements, ¢an be given in only a lew
cases, as follows:
Ratio between low water of dry and of wverage yewrs.

P e e T S T s

T ? T T TR T I
| l Low water , Low water 1 {
| Approxi. | RINEAR VAT, | Rutio duy |
Stream. ; mate drain- e oonil font 1, ¢! toaverage | temarks.
aro aren, | PEL 8t conll  feetpersee-| ar i
. & * | persquare ' opdper i YRR
| l mile. squarexui]c.? |
' | -
|- —1 : - .___,_ S - s e
8. miles. / !
cticut, ab Hartford..comueenaao- 10,234 0,500 | 0. 540 0.94 ! Obtained from records previously referred to, by comparing the gaugings of
Connect ! h : | i the lowest days in each of the yenrs from 1872 1o 1678, The e:.\;tt;«nﬂe r:&nuu
| i i fur those gaugings was from about 0.51 10 0.59 cubic foot per secund per
! | ; | square wile.
) 1] P SRS [T 0. 598 0.640 | 0.92 ; Obitained from records for eight years, 1871278, by comparing the total dis-
i 1 | chinge of the ealendar months of Jeass flow in each yeur,” The extreme
! I range fur those totals was from whout 6.€0 to 0.715 cubic foot per second
; | i per square mile.
SOAUILY +veemenmmeerneisreniaaacinnns 8 0. 092 ] 0,170 l 0,54 k Obtained by compaving the tofal divcharge of 1he calendar months of least
How in each of the five years 187570, The exirane range for those totals
. ; \ wits frant 0002 to 0.284 eubie foot per seeond per square mile,
West branel: of Croton .eevvevrnenn.. 20 0,084 | 0, 800 0.22 Obtained by comparing the total dikcharge of the calendsr months of lerst
i ! v flow in ench of 1he three years: May, 1867, to April, 1868 January to De.
i | ; ecmber. 1870, and Japvary to Decembar, 1871, The extremo range for
} ! those totals was from 0,084 to 0.736 cubic foot per second per square mile,
(573710t | PP, vanan 339 0,177 0, 404 0.36 | Obtained by comparing the mouthly dry-senson fiow with the monthiy aver.
| i age flow for a serics of years, as given by Croes and Howell, in report to
‘ I \‘ Newark agquednet board,
Coneord .vvaveveannnans chemmmrnaaans 362 0,221 0. 344 0.64 Na.
Passaic (estimated) coveeennnnnns PO 900 0.171 0. 530 0.83 Do,
Merrimack....oveeanvuneresmmancannes 4,186 0. 601 0. 680 0.88 Do.
Iilinois «vevevnen-n. [P cnens 29, 000 0, 055 0. 000 0,02 | Obtained by comparing extreme low-water flow and ordivary low-water flow,
a8 given by Major G. 7, Lydecker, corps of engineers, U.'S. Army.
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THE REGION TRIBUTARY TO LONG ISLAND SOUND.

TOPOGRAPHY OF THE SURFACE AND GENERAL FEATURES OF THE STREAMS. ‘

The section of country which will here be considered extends from the Thames basin, on the cast, westerly to
that of the Bronx, including both, and comprises an avea of about 15,600 square miles. Tt stretches from 250 te
275 miles in a north-and-south direction, and bas an extreme width of about 100 miles; it is coufined chiefly to
Connecticut, Massachusetts, Vermont, and New Hampshire, but also embraces small portions of Rhode Island, New
York, and Canada.

Thessurface is nearly everywhere hilly, and is even, to a considerable extent, mountainous. The Norfolk hilly
in northwestern Connecticut, probably the most elevated land in that state, rise to elevations of over 1,400 feet,
Graylock, the highest point of Saddle meuntain, in Berkshive county, Massachusetts, situated slightly beyond the
western border of the region I am describing, reaches a height of nearly 3,600 feet above tide-water, Mount
Holyolke, in the same state, is nearly 1,000 feet high. "To the northward, thé peaks of the Green mountaing, in
Vermont, reach elevations of 2,500 to 4,300 feet above sea-level ; and those of the White mountains, in New
Hawmpshire, 4,000 to 6,000 feet and over(a) The White mountains are stated to cover an area of 1,270 square
miles, and in appearance are quite in contrast with the Green mountains, being more rngged and less fertile. The
mountain ranges of western New England have a generally north-and-south direction, and to the southward,
where the country is less elevated, the same trend is preserved by parallel lines of hills. The rocks which
compose the mountains and otherwise crop out over the general surface of the country, are of the older formations,
and are mainly comprised in granite, gneiss, injca-slate, mica-schist, and syenite. They arve intersected by
numerouns dikes of trap, and an extensive ridge of that material runs in a northerly direction from New Haven, on
the sound, across Counecticut and half-way across Massachusetts. As an exception to the general class of rocks
mentioned above, is to be noted a belt of red sandstone, which also starts from the vicinity of New Haven, strikes
northeasterly to the Connecticut River valley, and follows its course ap to the northern boundary of Massachnsetts.

Stretching dowu from the® western slope of the Green mountaing over the western portion of the region we
are studying, and embracing the Taconic range in Massachusetts and a part of Connecticut, are outeropping
limestone strata, which furnish valuable supplies of marble. Granite and gneiss of fine quality for architectural
purposes ave quarried at ful~1‘0u:s Points, and along the Housatonic valley are extensive deposits of hematite iron
ore, which are worked, however, only to a small extent. .

Along the course of the Connecticut, and in a mueh legs degree along most of the other streams, are alluvial
deposits, but the great and abounding surface material is almost everywhere drift. It covers the entive region from
east to west and frow north to south, its southern boundary runuing lengthwise of Long Island. Its constituents
are hiere, as elsewhere, sand, clay, gravel, and bowlders. In the Report on the Geology of Vermont various bowlders are
deseribed weighing from 500 up to 3,500 tons each. . Rocks and stoues lie irregalarly scattered over and bencath
the snrface, and many hill-sides are so thickly covered with them as to preéent a very barren and forbidding
appearance. The drift covers even the higher portions of the Green mountains. As to the thickness which the
deposit attains in some parts of New England, Dr: Hitcheock, in his Report on the Geology of Massachusetls, remarks
that in that state it has been %“q at Palmer to the depth of 70 to 80 feet without reaching rock, and thatin Plymouth’
and Burnstable; hills of' it exist u(%() fect in height.  Tn other parts of the state ho estimates the maximum thickness
at 100 feet.

The soil varies greatly in fertility ; the alluvial meadows along the Counecticut, Farmington, Lower Deerfield,
and other rivers, are very productive, while the more clevated country is often stony and poor; and yet the
conditions are, in other cases, not infrequently reversed ; the hill-tops being rich farming land and the neighboring
valleys of the smaller streamms almost worthless. Tle country may be said, as a whole, to be well wooded; the

18010 & Mount Washington has an altitude of 6,293 feet,
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timbér is largely of a young growth, and in southern New England is mostly found upon the hills, which, owing in
many cases to their height and steepness, or the poorness of their soil, are reserved for woodland, the lower ground
being devoted to agriculture. The leading varieties of timber are hemlock, fir, spruce, pine, onk, beech, sugar-
maple, hickory, elm, butternut, basswood, bireh, cedar, ash, and poplar. What forests remain arein the north,
and it is there that the prineipal eutting of timber now goes on. The destruction there is just ws thorough and
apparently indiscriminate as it is stated to be in other portions of the United States, and the section along the
upper course of the Conunecticut river appears more bare than much that it drains toward its mouth.

Lakes constitute a noticeable and important surface feature. They are well distributed, being found quite
generally throughout the regton I am describing. In the Vermont geological report already referred to, Mr, Albert
D. Hager gives a list of 67 lakes and ponds in that state varying from half a mile to § miles in length, and from
half & mile to 2} miles in width. In Appendix B of the repeort for 1873 of the Massachusetts State Board of
Health a list prepared by Mr. H. T, Walling is given of all the lakes, ponds, and reservoirs in that state

. containing more than 10 acres. The total number of these is 1,206, with an aggregate area of about 93,000 acres,
) or, say, 145 square miles, Their dis_tributiou is ag follows, by counties and according to size:

Number and size of lakes, ponds, and veserveivs i Massachusetts.

: : L
} Size. " Number. ! Size. Number,
‘
L R S D v ———
1010 100 neres ............ £ 97 | 700 to B00 acves. . coueenent 4
100 t0 200 acTes .o..vv..en .. i 135 || 800 fo 000 acTeS. .ensanenee. | 1
200 to 3C0 acres........ I 42 0 1,000 10 2,000 neres - .. ... 5

300 to 4008eTeS .ooo... |
400 to 500 acres. . J g .
500 £0 600 ACTES. +venre.nnnn. \. 5 ] ‘
800 £0 700 ACTES. -« oenese. .. ; 1 ‘ i
Distribution.
! i ¢ i
| Area of | | Ares of
i lakes, i lakes,
County. | ponds, ! County. | ponds,
i and res- | . and res-
| ervoirs. | ervoirs.
AU N EU — m___‘i
) ) r Aores. ‘ Aeres. :
Berkshire . ...... l 0,226 AT
Franklin ...... . g8 [ 17,00 i
Hampshire .....cocoooeen-e l 2,282 | 1 9,721 |
Hampien. c.cveevaeenpannss 4,148 i 90 '
Worcester 25,007 | Nantncket............oooon a3
Middlesex ogms ! " !
Essox....... . ’ 4570 | Total area ........ “j 92,938 *
Norfolk ........... ] 4,350 . |

As to the origin of the Vermont lakes, Mr. Hager says:

The position and extent of lakes, as well as wountains, ave dependent, in a great measure, upon the geological character of the
country in which they lie. Their origin is the result.of three distinet causes, and hence lakes and ponds may properly be divided into
thres classes: IFirst, those where the Leds were formed at very remote periods, when the upheaval of the rock took place, and left deeply
indented fissures; secondly, those that oceupy deep, eroded valleys; and thirdly, those of more recent date, and not dependent upon a
rock formation for their base or gides, but upon a deposit of clay or some other substance imperviens to water, reposing upon o gravelly
or hard-pan base. A limited examination has been made of the lakes and pouds, to determine the nature of their origin; aud our
conclusions are that much the larger proportion of lakes and ponds belong to the second class, and ocenpy eroded hasins, The tl.nrd
class of ponds in Vermont is not of the antiquity of the first two classes, and such ponds are not dependent upon rock lurmations
for their base and sides. They date back to the period of the drift for their origin, being found in drift formations, and duuhltlcss rest
upon & basin-shaped cavity lined with clay or some substance impervious to water. They are usually fed by deep-seated springg, and

rarely have large visihle outlets or inlets.

The following table will convey a general idea of the temperature and rainfall, dm-jl?g the different scaNens of
the year, over the region tributary to Long Island sound. Itis necessarily fanlty in one 1111‘portant respe(_at, in that
it is almost entirely confined to low altitudes, there being very few stations of more than 1,000 feet elev.atmn x’vhere
long-continued climatic observations have been made. Itis a well-kmown fact that rainfall inereases w1t1'1 ‘altltud.e,
a striking example of which is seen in the record for Mt, Washington; and it would be of mu@ as'sustance in
gaining a correct kunowledge of the proportional discharge of such a stream as the Oc?nnectlcut., if accurate
information were available concerning the downfall on the more elevated portions of its basiu.
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Table of temperaiure and rainfall at points in southern and western New England.

[From Smithsonian records.]

B TR e e
l : TEMPERATURE. RAINFALL.
I e i —
Rlevation! -
Tocality. E{f{‘l“)ggt;ég’ Yeara (! ; , : 1'(3):}1'5 . t ’ '
i “obq‘:frv- )E Spring. | Summer. | Antamn. | Winter, | Tear. | peqpe /| Spring. [Snmmer.” Autumn. Winter, | Yeny,
| , atiom. | ‘ ; “ ation. | @ |
‘ H | i ! . i ]
T e SRRSO S ‘ i y L e
Fret I o : o l o | o | ° ' Inches. | Inckes. | Inches. | Inches. Tncheg
s I, . o . ,
New Huven, Connecticut 45 | 86 | 466 | 60.08 | 5L28 98,32 49, 00 o || 1Le4 2.1 j 11.19 10.00 | 4544
4 i 0 e ! - 5 3 ] 5
Hartford, Connectient . ... ’ 60 ‘ It “ 47.80 60. 75 | 5170 20.89 | 40.81 7 ‘ 11.08 9. ilij . 192 10,81 43.70
Amberst, Massachusetts ... . 267 1 17 | 44,17 i 07. 58 | 7. 09 24.15 45. 97 39 ‘ 10. 62 12. 45 | 1116 9.73 43,96
Hanover, Now Hawpshive ... .. 30 20 ; 40.87  60.10 44,70 19.17 42,49 19 I 0.91 ‘ 1109 | 10. 58 9. 08 40.86 °
Stratford, New Hampehive ..., ; ) 1,000 13 ‘ 3.7 62,95 42, 68 14, 50 30,71 16 S 9,91 11,18 » 11,15 8.48 40.72
Randolph, Vermont ..o.oonnoe § 700 [ 1 49,60 | 08.55 45, 28 19.02 42,61 8 8.40 10. 66 ‘ 11.29 8.16 38,61
Mount Washington, New Hamp-- 6,208 |....... «l .................................................. 4 [ 13,96 23. 66 | 19. 80 9.70 67,12
shire., ) i l | ;
i ! | |

NorE~In Blodget’s Climatology it is stated that ¢ the quantity of snow is always large in the Now England states, the elevated and
northery districts having an average of perhaps 2 feet constantly remaining on the ground in winter”. The following are records of
snow fall at particular points:

. Inches
Dover, New Hampshive, average of f010 JUAIS «ooovnnnrr it e ittt e 68.6
Burlington, Vermont, average of 11 FEaTs ... ooeer i imminr et i e et e e 85,0
Worcester, Massachusetts, average of Twelve years ... oot i iimma it 55.0
*nherst, Massachnsetts, aVerage of SEVON FEATE «e.otoriiineaseesas o s samms eeemsmnaar neen maen sman anes 54,0
Hartford, Connectient, average of twenty-fonr FearS.con ceamus coveoeieraanteancnsiee cemenecnenmcaamueeeneaann 43,0

Aceording to J. H, Huntington, in an article on *Climatology”, in the Geology of New Hampshire, observations on snowfall at
Lunenburg, Vermont, have shown the average annual amount there to be 83.1 inches, ranging in tweunty-five years from 41 to 167.5 inches.

1t is hardly necessary to say that the water-power of the section that has been described is of great magnitude
and value, but it may be of interest to notice the causes which contribute to those conditions. In the first place,
the streams have a rapid fall and large volume, There are very few which can be called slunggish, and even the
Conneeticut, which approaches most nearly to that character (the Thames is hardly more than an estuary), is
interrupted at intervals by heavy rapids and falls. The elevated character of the country is so sustained foward
the south that not only are there many minor tributaries there which have large descent, but the main streams,
also, have eonsiderable fall within a short distance from tide-water, and at points, therefore, where their accumnulated
volume is the greatest.  OxolLoxo hrook, o small stream entering the Thames about midway between Norwich and
the mouth, falls vot less than 350 feet in 6 miles, and, being supplied by a reservoir, furnishes power to a dozen or
more factories in that distance. 'Within a radius of about 15 miles from Norwich there is a fall of over 140 feet in
the Shetneket river, and over 100 feet in the Quinebaung, utilized in part on the former by cotton, woolen, and
other factories, On the Housatonice a fall of 22 feet is utilized at Birmingham, at the head of tide-water, and only
11 miles by navigable river from the sound.

The descent of the New England streams is not very uniform, Among the more mountainous sectious in the
north. there are numerous abrupt pitehes, and these are also interspersed more or less over nearly all the streams,
even to southern Counceticut. Dut in the more open and moderately hilly distriets the dritt gravels have to a large
extent filled up the beds of the streams, over which the Litter run in rapids and rifts, interrupted only now and then
by falls over projecting ledges. In northwestern Connecticut the Housalénic falls over 100 feet in probably less than
half a mile, and descends more than half this distance in a single plange ; and again, farther south ou the same
river, at Bull’s bridge and New Milford, are other falls of less magnitude. At Norwich, in the southeast, the falls
of the Yantic are of great beauty. ' :

The rocks which give rise to the falls ave of the harder varieties—granite, gneiss, and mica-schist—and By "
their unyielding character not only insure the permaneney of the falls, but afford secure foundations for dams and
other hydraulic works. It is notat all nucommon to meet with dams in this region fifty years old, and I have come
across some that have stood securely for certainly a hundred years. This same harduess of the 1ocks has also
prevented the entting of the deep and inaccessible cafions which distinguish many of the streams in the softer
formations of the Rocky mountains,

The volume of the streams is also large in proportion to the extent of country draited. The prevailing steep
slopes, the rather sballow soil in many localities, the imperviousness of the underlying rock, and the temperate
climate, eombine to favor a Jarge proportional discharge. The average annual rainfall for the entire district is
probably not far from 45 inches. ' - .

As to the uniformity of flow of the streams, some idea may perhaps be gained from what has been said in 2
previous article on the modes of estimate employed. The term “uniformity” can be used in this connection only in
a relative sense, for there is no stream of much size which is strictly uniform in discharge. - There are occasional

streams so controlled by lakes or reservoirs as to be equally free from considerable frashets and fram naviads of vervy
1RO
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low flow, and which bave, therefore, an approximation to real uniformity ; but most are subject to large fluctnations
between high and low water. For practical purposes, however, we may speak of a stream as uniform whicl i is, on
the whole, well sustained in the dry season, and which is not v1s1ted by very sndden or great changes in volume
The New England rivers have a tolerably good character in these respects, The hard underlyi ing rock, not
commonly far below the level of the stream beds, and forming the valley sides, sheds water freely toward them;
while the gravels, sands, and elays of the drift favor the reception of rain from the surface and its telivery ﬂlrouuh
springs, The wooded nature of the country alse favors the easy percolation of water below the surface of the
ground, shades from undue evaporation, and conserves the winter snows; and perbaps above all other causes should
he mentioned the numerous lakes and swamps,

Dr, Hitcheock, in his geological report published in 1841, roughly estimated that the state of Massachusetts
contained 125 square miles of peat swamps alone; the area 01: swampy land not containing peat would o greatly
inerease this figure, but I have no data as to its real extent.  Percival, in a Report on the Geology of the State of
Conneeticut, wade in 1841, mentioned that “ swamps ubounding more or less in peat are found in every town in the
state”. The influence both of lakes and of swamps is very marked on streams, and perhaps in favor of the latter of
thetwo. Their great advantage lies in their storing and holding back the rains which would otherwise he too quickly

carried off by the water-courses. While lakes accomplish this result in a very important degree, swamps seem
even more cffective, owing to the obstacles which they oppose to any but a gmdudl drainage, in their shallow depth
and their usual rank growth of grasses and brush,

The benefit accruing to a stream which has these natural regulators is illustrated in the case of the Quaboag
river, a tributary of the Chicopee, in N M%qqehusetts. Surrounding its upper course are extensive marshes, which
give it a very steady flow, the rise on the West Warren dams not exceeding 18 iuches, in an ordinary spring freshet,
on an overflow of about 110 feet, and this from a drainage area of 142 square miles,

The value of even the ordm:u y storage provided along the course of a stream by the mill-dams was well shown
in the great flood which swept down the course of the Westfield river, in Massachusetts, December 10, 1878, In a
report upon methods for future protection of the town of Westﬁeld which suffered severely at that time, Mr. Hiram
T. Mills, civil engineer, remarked as follows:

From data supplied by your sub-commitiee on surveys, I conclude that the greatest quantity of water passing Salmon Falls dam
was 53,000 cubie feet per second, from a drainage area of 350 square miles; and at the same time there were entering the area between
Salmon Falls and Westfleld dam abous 1,000 cubie feet per second, from an area of 14 square miles. A part of this 54,000 cubic fest per
second was expended in filling the great reservoir, containing probably as much as 100,000,000 cubic feet of water, between these two
lams, and a part in flowing over the Westfield dam. Every reservoir that the water fills in its course serves as a regulator, whicl prolongs
the time of fowing past any dam down the stream, bhut tends to decrease the amount passing at any moment. This is illustrated by the
greatest quantity per second which is shown by the data of your survey to have passed the Salmon Falls dam and the Agawam () dam;
the former quantity being 53,000 cubic feet per second, and the latter, although inereased by the drainage from 40 per cent. mora area,
way but 46,000 cubic feet per second. This decrease in quantity, at the time of highest water, at the lower dam was dne to a part of the
water from above being used in filling the enormous reservoirs between the two dams, which drained off gradually after the flood had
passed the upper dam.

While, as has been said, the effect of lakes and swamps is so helpful in lessening freshets and maintaining a
good volume during droughts, their usefulness in these respects is much increased by artificially enlarging their
storage and eontrolling them; in other words, by making true storage reservoirs of them, and instead of permitting
their contents to run off at all seasons, as in the patural state, saving them in winter and spring for use during the
dry months of summer and antamn. And in this improvement of the New England streams by storage reservoirs
seems to we to lie their most noteworthy and interesting feature.

It is very difficult to obtain reliable data as to either the area or cost of these improvements, except in occasional
instances. ‘Many of them were undertaken years ago, and neither then nor more recently does much attention seem
to have been paid to an acenrate record of facts concerning them. It is certainly true, however, that in many cases
they have been been built at a merely nominal expense. Natural ponds of several hundred, or even a thousand
acres and over, have been raiséd a number of feet by means of a short and inexpensive embankment, probably not
costing more than a few thousand dollars at the most. It is in this mannper, by raising the level of some natural
pond or lake, that most of the storage reservoirs seem to have been created. They are usually so located among
hills that it is possible to raise their surfaces considerably without their flowage spreading out unreasonably far;
and these hills often close in at the ontlets, so that only a short dam is needed to connect them and control the pond.
This sort, of topography is, indeed, common throug;h all that portion of New England which I have visited. The
-cogrses of the gtreams are flanked by hills, which successively approach and recede from them, forming what are
termed ¢ intervales ” of meadow or gently-sloping land.

The class of reservoirs which I have just described is largely of matural formation. A second class is
almost entirely artificial, and is formed by throwing an embankment across the course of some small stream in
its upper waters, at the foot of an intervale of swampy land. An unusual namber of 'such opportunities have
existed and been availed of in eastern Connecticut and the adjoining portion of Rhode Island. Such TeServoirs
are easily and cheaply constructed, the land for flowage having but little agricultural value, in consequence of

a Aoaxwwam ir ahont 8 miles bv river below Westfield, and the latter 6 to 7 miles below Salmon Falls.
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which the land damages are small. It has been stated to me by a manufuctnrer \Yho bad _iuvestigated the subject,
that on the upper course of the Moosup river, in western Rhode Island, 3,000 acres of reservoir room (:01'.11(1 be added to
the stream by flowing almost worthless swamp land, at an expense of only $4,000 total ’rm;ﬂowage and improvements,
and others agree that the opportunities there for large storage are very fav9mb1e. The reservoirs o'f this clags
have the advantage over those first mentioned, that in proportion to ﬂ?fel'l‘ cubic contents their storage is generally
more necessible, beeause of their being comparatively shallow; though 1’5.15 true, on the other haud, that they suffar
greater loss by evaporation, and receive less water from deep-seated springs. Many {)f the natur@ }')011(13 are so
deep that g large share of the water they contain cannot be drawn out at .all. This makes no dlﬁgrence, to bhe
sure, in the available amount of water for power, provided the topography is such that the proportion of annugl
rainfall received can be stored above the level which is accessible, but that cannot always be done.

A third class of reservoirs, and the least numerons of all, is constructed by building a high embankment or
dam across a narrow gorge. The aren available for flowage in this case being small, an. adequnate storvage has to
be provided for by increase of depth, and hence by high dams. The reservoirs thus built are probably the mogt
expensive in construction, and certainly the most dangerous to maintain, of any that have been described. Thepe
should be little difficulty in properly building and maintaining an embankwment 5 or 10 feet high, but it is quite
auother thing to obtain equal security with an embankment 30 or 40 feet high.

The construction and maintenance of storage reservoirs are often carried out by individual mill-owners on g
stream, but perhaps as commonly by associations of the various parties to be benefited. The expenses of construction
and repairs are assessed upon the members, either in proportion to the fall owned, or upou some other basis. The
system seems generally to work well, but cases are not uncommon in which mémbers in some manner evade their
assessments, or in which parties refuse to contribute at all, and so enjoy the benefits of the improvements but
escape the burdens. ' -

The change which may be brought about in the flow of a stream by properly developing the storage capacity
of its basin is strikingly seen in the instance of the Pachaug river, a tributary of the Quinebaug, in southeastern
Connecticat, draining about 60 square miles. Twenty years ago the Ashland cotton-mill, located near the mouth,
contained seventy looms, but could only run a portion of the year, and had much trouble fromn lack of water,
The stream was afterward finely reservoired, however, and now the Ashland mill carries five hundred looms, and
has not been stopped more than a day and a half by low water since 1863. ,

Notwithstanding that the New England streams are fairly well sustained in the dry season, there are certain
conditions which act unfavorably upon them. The rainfall in summer is perhaps slightly greater than during the
other seasons, yet it is not sufficiently so to counteract the heavy evaporation of that period, and so, for the
machinery employed, there is generally a deficiency of water in the streams for two or three months in the year,
and an excess for eight or nine months. The draining of swamps and the cutting of timber also act to materially
injure the uniformity of flow. As wasremarked to me by a Massachusetts mill-owner, the farmers and manufacturers
are directly opposed as regards the draining of swamp-land. The former wish to reclaim as much surface as
possible for eultivation, and it is said that a Massachusetts agricultural society encourages such improvements by
premiums. On the other hand, manunfacturers appreciate the value of swamps in maintaining the low-water flow of
their mill-streams, and desire them to remain.

Some of the effects on the streams of the wholesale destruction of timber are perfectly well known, It is
certain enough that they are subject to more sndden fluctnations and are less sustained in drou ghts than before the
country was cleared. These resalts are matters of common observation among men whose memories reach back
over fifty, forty, or even twenty years; it is a universal complaint in New England that the mill-streams are less
reliable, excepting, of course, where artificially reservoired, than they were that length of time ago, and this is due
hoth to the clearing of land and to the drainage of swamps. The prineipal freshets in the region under discussion
are caused by the melting of snow in the spring, and while the effect of forests is, by shading the grotind, to
prevent this going on too rapidly, so, on the other hand, their destruction lays the surface open to the direct action
of the sun, and gives good opportunity for a quick wasting away of the snow. The record of the heights of
freshets in the Connecticut river for thirty-five years back shows thab in this stream, whether we have regard
to the highest freshets of the year or to the highest occurring during the first five months, which latter may be
supposed to have a conuection with the melting of snow, there has been a considerable inerease in the average
heights reached.

Table showing average heights of freshets in the Connecticut river. (a)

HIGHEBT OF TNE YEAR, *1 HIGHEST OF BIRST FIVE MONTHS.
’ @
Average || Avers,
Period. ! height, ’ Period. hgieéh.e
F— b .. ‘.n
i Feet. H Feet.
{1844 tO 1840 ool ... | 1864 1845t01848 .ol . 18.56
| 1850 4o 1850 20.52 || 1850 0 1850 .oevrv.... ... 19,86
! 1868 to 1860 21,18 || 3860 t0 1869 ...vuennnnnnn... 21.18
| 1870 to 1879 2171 ’ 1870 0 1870 veunseeenne. ... 21,06

a Compiled froms record given in report on survay of the river below Hartford; seo Report Qhief of Enginecrs, 1880.
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While it seems evident that from some cause, which may reasonably be assumed to be the clearing up of the
country, the tendency is to a gradunal increase jn the average height of freshets, it is not so certain that the
extremes of fluctuation are any greater now, as maintained by some, than formerly ; indeed, concerning the
Jonnecticut, the reverse appears true.  General Theodore G. Ellis, in an elaborate report upon this river, () speaks
thus of its freshets:

The Conuccticut river is subjeet to freshets of considerable height, which oecnr priveipally in the spring, when the volume is swollen
by the melting snow, althongh occasional floods bave oceurred jn ev ery month of the year except July and September, The highest
freshets generally take plaecoe in the spring. There was one remarkable exception, however, in August, 145 i, when the water at Hartford
rose to n height of 23 feet 4 inches above low-water mark. This was cansed by nnusually heavy rains which occurred at that time. The
freshet of May, 1654, is the highest known helow Holyoke. This was 29 feet and 10 inches ahove the low-water mark of the Hartford
gauge, The freshet of April, 1862, was the highest known on Holyoke dam, and was probably the bighesp in the river above that point.
Previous to these two freshets the flood of 1801 was the highest on record, and formed the basis of most of the points of reference along
the river previous to 1854,

The lowest water known was that of August, 1858,

The fact is, I think, that remarkable freshets, as well as periods of extremely low water, are to such an exteut
the result of accidental combinations of favoring conditions—such as sudden rains apon a frozen surface, rapid
thawing of a heavy body of snow ; or, on the other hand, an uncommonly prolonged drought, or a drought following
a season of small rainfall—that it is not fair to assume them as necessarily cansed by the elearing away of the
forests.

In speaking of the effect of melting snow upon such a stream as the Connecticut, for instance, an important
circumstance to be noted ig its position in a north-and-south line. In this direction it extends some 275 miles,
covering quite a range of climate. The average temperature of March at Hartford is not gained at Stratford, New
Hampshire, till April, nor that of April at Hartford till May in Stratford. The chances are, therefore, that the
melting of snow will extend rather gradually up the valley and its effect upon the stream be prolonged, whereas
if the river lay in an east-and-west direction, having but little range in climate, a much more sudden and perhaps
disastrous freshet rise might be anticipated.

Low water is the principal disadvantage encountered in this section in the use of water-power. Freshets do
not often endanger properly-constructed works, and the rapid slopes of the streams carry off the floods so quickly
that an absolute stoppage of operations is seldom necessary, and serious trouble from backwater lasts but a few
days at the most. Quite thick ice forms in the winter-time on the rivers, and during the spring break-np gorges
occur at some points, but,in general, the action of floating ice is not destructive, and largely because of the extensive
improvements in the way of dams and reservoirs, which always ameliorate the natural condition of a stream. In
the ponds fermed by the dams the ice is usnally held back until 5o rotten that when broken it can do little harm,
and in going over suceessive dams it is soon shattered into fine fragments.

A gomewhat troublesome feature during the winter season is the presence in the streams of .what is called in
New England ¢ anchor-ice”; farther west, ¢ slush-ice ?, and whicl: abroad is variously known as “ ground-ice”,
#bottom-ice”, and “loppered-ice”. We are most familiar with ice as formed upou the surface of water, but anchor-ice
colleets on the beds of streams, from which, in rising, it often tears up small stones or masses of gravel. It is
erystalline iu strncture, and in the water resembles a kind of fungus or vegetable growth; at times a stream will
be seen full of little masses of anchor-ice floating along near or at the surface. Its consistency is often very slight,
80 thatif an attempt is made to grasp it in the hand it readily melts and disappears. It forms on the head-gates of
canals, on the racks at the entrances to flnmes, and if allowed to pass into 4 wheel-pit is liable to stop the wheel.
Although the latter experience is an extreme one and not commonly met, a large amount of labor in the aggregate
has to be performed on the streams in the vorthern part of the United States in keeping clear the racks and
head-gates.

Aunchor-ice is confined mainly to switt-ranning streams having gravelly or stony beds, and all mill-owners agree
that it ceases to hinder them as soon as the rivers become frozen over on the surface. Streams fed largely {rom
ponds and lakes near at hand, the waters of which are warmer than those running in the usual channels, are free
from this form of ice. In my visits to the various streams I made many inquiries of manufacturers concerning
anchor ice, but though all were familiar with its ocenrrence, few had ebserved with inuch closeness the circumstances
attending its formation. At Windsor Locks, on the Connecticnt river, mneh trouble is encountered from anchor-iee,
owing to its collecting upon the head-gates of the canal, and {he consequent clogging, but it is said to be noticed
only when there is a very cold wind blowing. For 18 miles above the dam the river is sluggish and free from
rapids, bnt is then interrupted by the heavy falls at Holyoke. Near Olean, New York, on the Allegheny river, a
Prominent mill-owner, long familiar with the stream, stated to me that anchor-ice, or, as he called it, *slush-ice”,
wag of common ocenrrence there; that when previously ranning upon the surface of the river, the eoming up of a
south wind would canse it to settle and to begin clogging the water-wheels, and that it was generally considered
on thmt part of thc river that the settling of the ice betokened a coming thaw.

a Appendix B 14, Eeport Chief of Engincers for 1878,
185



i6 WATER-POWER OF THE UNITED STATES.

In an article by Colonel Jackson, on the ¢ Congelation of the Neva at St. Petersburg”, (a) }1& States having
observed ground-ice in that river where the latter had a depth of 35 feet and was covered with a coating of
surface-ice 3 feet thick, the gronnd-ice appeared not only upon the bottom of the river, but also heneath the
surface coating, and was made up of little flakes or scales. ' ‘ .

Various hypotheses have been advanced to account for the formation ,Of anchor-ice. Dr. B"a,r_quharson claiined
it to be the result of radiation of heat from the river bed, and to be formed on thfs same ‘prlnclp_le as dew. The
Rev, Mr. Eisdale, of England, stoutly maintained that it was produced by little S};?wulae of hoar-rost i"amng from
the atmosphere into the water. But the prineiples which seem to me to best expl.a-m the phenomena of anchor-jce
are those advanced by M. Arago, and thus briefly given in the English Cyclopzadia :

1. The veversion, by the motion of the enrrent, of the hydrostatic order, by which the W“}tel‘ at the snrface cooled by the colder air,
and which wt all points of the temperature of water under 399 F. would, in still water, continue to ﬂoat QJl‘tlle surface, is mixed wigl,
the warmer water below ; aud thus the whole hody of water to the bottom is cooled alike by a mecha{ucal action of the siream,

2. The aptitude to the formation of erystals of iee ou the stones and asperities of the Lottom in the water whelly cooled to xne,
similar 1o the readiness with which crystaly form on pointed and rough boedies in a saturated saline solution. :

d. The existence of a less impuﬁli’ment to the formation of erystals in the slower motion of the water at the bottom than in' the more
rapid one near or at the surface. :

That the whole body of water is thoroughly chilled, and in a condition to cr;ystallize ?“ea,dily upon any hard
nucleus, may be shown, I am told, by lowering a pole into the stream, when it will speedily become coated with
the anchor-dee. The masses of ice whieh cling by adhesion to the stones on the river bed grow in size, and at
length attain sufficient buoyancy to loosen their fastenings and rise to the surface. It is often said by observers
that this action is most marked soon after sunrise.

Less difficulty seems to be experienced {from the source mentioned where the mill-ponds are large and deey,
and water is brought directly from them to the wheels, or, at least, is passed through canals of good depth,
than where the ponds are small and shallow, and water is carried a considerable distance in canals of slight depth,
especially if their bottoms are stony. The wmost common mode of dealing with anchor-ice is to rake it away by
hand from the racks, although occasionally the plan is tried of introducing a jet of steam into the fAume to
disperse it,

Tu connection with the streams it is intevesting to notice the special kinds of manufacturing which have come
to distinguish certain of them. Thus, on the tributaries of the Thames we find cotton- and woolen-mills; on the
Connecticat and upper Housatonic, pa per-mills; on Miller’s river, various manufactures in wood 3 on the Naugatuck
and at Birminglham, Connecticut, metal-working establishments; at the outlet of Pocatopaug lake, Counecticat,
bell manufactories, and so on. :

Great as has alveady becote the use of water-power in the section draining toward Long Island sound, the
opportunities for further development are still ample, and are being frequently availed of. Inmy own observation,
the improvement of new privileges and the more extended use of old ones have gone on guite largely in the past
two years (1880-'82), and these improvements have generally been of important powers, and are characterized by
their substantial and expensive nature, New England certainly possesses some very valuable advantages for
manufacturing in the abundance and desirable qualities of her water-power, in her nearness to tide-water, her
established and well-equipped lines of communication with the coal districts ‘and great centers of trade, such as
New York and Boston, in her compact and numerous population, in her possession of a large and prosperons class of
skilled laborers, in the bias and inclination which her people have acquired for manufacturing pursuits, and in the
extent of her available capital. The last item must not be underrated. Very many of the manufacturing companies
bave » capital ranging from $1,000,000 upward. Some of the largest cotton-mills, when stocked with their elegant
machinery, are said to have cost $1,000,000 or $2,000,000 each, and a large additional capital is evidently required
for carrying on business of such magnitude. For cotbon manufacturing, the location as regards obtaining raw
material is less favorable than in the South: for the mannfacture of paper, which has assumed great prominence
rags and wood-pulp are easily obtained, and the abundance of pure water is an essential advantage,

One great obstacle to the improvement of many water-powers is the rather grasping and short.sighted policy
pursued by adjoining land-owners or by the owners of the privileges. themselves. These are often held for
speculation at unreasonable prices. If the development of a water-privilege is considered by a company of
capitalists, meadow-land, which must be bought for flowage, and which has, perhaps, produced a moderate crop of
coarse grass, at once assnmes a wonderful value in the eyes of its proprietors, and is sometimes hardly to be
purchased at any price. Although this experience is probably exceptional, it has certainly prevented, in some
nstances, the establishment of important enterprises. It would seem to be muel the better plan for the farmers to
encourage, by all reasonable means, the introduction of wmanufactures, Farming is not regarded as a very profitable
industry in New England, but its gains ought surely to be increased by the founding of wvillages which must be
supplied with farm products. Not only this, but the development of manufacturin g points tends to a substantial

increase in the value of real estate, and for the sake of that advantage it is sometimes thought good policy to give
away water-rights to desirable companies without charge,

@ Journal of the Royal Geographical Society, Vol. V. -
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I—THE THAMES RIVER AND TRIBUTARIES.

THE THAMES RIVIER.

This stream drains the eastern part of Connecticut and small portions of Rhode Island and Massachusetts, the
area of its basin being 1,450 square miles. The country thus included is almost everywhere hilly, is tolerably well
wooded, though with & young growth, and eontains many natnral lakes and ponds which have heen improved for
reservoirs. Much of the land on the hills is stony and poor, with little value for anything but pasturage. The
prineipal industry of this section is its manufacturing, which has assamed great importance, espeeially in the matter
of cotton and woolen goods. The first suceessful water-mill for the manufacture of cotton goods in the United
States was completed and put in operation by Messrs, Almy, Brown, and Samuel Slater, early in 1793, at Pawtucket,
Bhode Island, (a) and the period which has since elapsed hag witnessed a wonderful growth in this branch of
enterprise, both in Rhode Island and in the adjoining portion of Connecticnt, as well as in other parts of the
eastern states. .

The Thames river is formed at Norwich, New London county, Connecticut, by the union of the Shetucket and
Yantic. It runs southerly and empties at New London, at the eastern extremity of Long Island sound. Its width
generally ranges from a quarter to a half mile, except near the mouth, where it widens to a full mile and forms the
magnificent harbor of New London. It is a tidal stream, the mean rise and fall of tide at New London being 2.5
feet, aund at Norwich 3.1 feet.(d) The distance from the latter point to the mouth is about 15 miles, which is
navigable for vessels of 12 feet dranght; in 1880 the shallowest part of the channél had a depth of at least 10
feet at mean low water, and operations have since been carried on by the national government with the view of
obtaining a depth of 14 feet at that stage.

The river is bordered on either side by high hills, and is a most beautiful stream. Below Norwich no tributaries
are received except a few small streams ; one of these, however, Oxoboxo brook, which is fed by a large reservoir,
supplies power to a number of factories.

TRIBUTARIES OF THE THAMES BELOW THE JUNCTION OF THE SHETUCKET AND YANTIC RIVERS.

I shall speak only of those tributaries coming in from the west, small, as already stated, and including Alewife,
Oxoboxo, Stony, and Trading Cove brooks.

The high hills which border the Thames are here thickly wooded, except toward the lower ground, with
chestnut and oak. The surface is very rocky, displaying many granite and gneiss howlders and outeropping ledges.
The mills and dams on the Oxoboxo are in numerous instances built of those varieties of rock, quarried in the
valley. The surrounding country has small agricultural value, and is but little cultivated; corn, potatoes, and
grass are the principal productions.

© Alewife brook is a little stream, half a dozen miles long, and draining about 10 square miles lying in the towns
of Montville and Waterford, At the head is an artificial reservoir 1 mile long and reaching half the width, with a
dam 20 feet high at the outlet; it can be pretty thoroughly drawn out, but does not appear to be so well sustained
by springs as Oxoboxo reservoir to the northward. It is said that by means of a dam 40 feet high a reservoir can
be constructed between the two Robertson privileges, 2 miles long and three-guarters of a mile wide. The site is
favorable for a dam, and the entire expense for flowage and construction is estimated not to exceed $6,000. It
is claimed that w1th this reservoir built the mills could run at full capacity throughout the year; as it is, the supply
of water is sufficient only about six months in the year, say from January to July, after which the mills shut down.
There are four privileges in use on the stream, covering a total of about 76 feet full, and all utilized by paper-mills.
The lowest and uppermost mills are owned by O. Woodruff, and the two intervening by J. Robertson’s Sons. At
the Robertson mills an aggregate of about 90 horse-power is in use. -

O.xoboxo brook heads in a reservoir of the same name, whence it flows southeasterly across the town of Montville,
draining 13 square miles. The reservoir contains about 160 acres, and is a natural Jake raised, and having its
flowage increased, by a-granite dam at the ontlet; it is quite deep, and a considerable portion of its contents can
not be drawn out on that account. The Uncasville Manufacturing Company owns the resérvoir, but so regulates
the supply from it as to accommodate the other manufacturers,

The valley of the stream is narrow and hemmed in by steep slopes, thickly wooded on their upper DOl‘thllb,
but having a thin covering of soil and rapidly shedding rainfall. This valley derives its importance solely from
manufacturing, and has scarcely any population aside from that connected with the mills. The New London

« Bishop's History of American Manufaoturing. b As stated by Major J. W. Barlow, corps of engineers, U. 8. Army.
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Northern railroad erosses at the mouth, and Montville station, which is located there, is st'ated to r:fmk third among
the stations on this line as regards the amount of freighting. Goods were formevrlyv shlpgecl b)l\ Wate? from *fh@
mouth of the streaw, but that practiee has heen given up. All transportation fror}n the 111'11 ts ’;o Tg)ntwlle station
is by teaw, though it is practicable to construct a railroad up the valley, and the subject has been somewhqt
mnbifdlicl()ll:uok runs over a gravelly bed, nnderlaid by rock, which ﬁ'equel.ltly crops out. Itsfall is rapid, amounting
to over 350 feet in the 6 miles from the reservoir to the mouth., The mills succeed one another closely, each (‘hun
setting back the streum nearly or quite to the next one above, The ponds are, as 2 ‘rulls, smarll and of little
account; the pond at the Uncasville mill is larger than t,he‘rest, however, and would of itsel prf)bab]y supply the
wdll for a day or two. The dams are short, and usually consusi': of an embankment on 01.1<,3 or both su]les of the stream,
with a roll-way (a) of granite or wood; they appear to be tlgl_lt, and two or three are very solidly 0011'§truc.te<_1,
Water is couveyed to the wheels variously by wooden flumes, iron tubes, and @nals earme(} al.ong the side lnl!s ;
the canals are short, seldom exceeding a few hundred feet in l_eng.th. The mills are of fair size and well built,
frequently of stone. They have generally increased their capacity in recent years, and, in conse-quence, have been
obliged to introduce steam for auxiliary power, relying nore or l_ess upon .th_at for three months in the-year. .

The flow of the stream, of eourse, depends upon the manner in which }t is %’egula.ted at the reservoir, but it was
represented to me to Le ordinarily about 50 cubic feet per second. If is said that the dry-season ﬂf“" thlld be
.considerably increased by a reservoir which might be built, at reasonable expense, on Fox brook, wl.nch Joins the
Oxoboxo at Oakdale. The annual rainfall in this seetion is abont 50 inches, and unless the arca drained is larger
than appears on the map which I have used, a greater average flow for the year than 20 to 25 cubic feet per second,
continuous through 24 hours of the day, cannot be expected. ' _ . o

August 25, 1877, after a very heavy rain, of the nature of a * cloud-barst”, dur_‘m g which 8.5 inches oI; rain we?e
reported to have fallen in three hours, the upper mill-dam, below the reservoir, gave way, and carried out, in
suceession, nearly all the dams below, causing a damage estimated at $40,000. »

The manufacturing on this stream is mainly of cotton and woolen goods and paper. Some details coneerning
the privileges are given below:

Water-privileges on Ozoboxo brook (in order from the mouth).

Horse-
Firm, Manufacture. Fall, power . Remarks.
utilized, :
Feet,
Johngon & Co.-....-.............{ Dye.woods and extracts......... 14 }io.o....os] Privilege i nominally rated at 50 effective horse-power, which can be
' realized nine months in the year.
Wncasville Manufactaring Com- | Cotton £o0ds «eeeene venenrn.... 40 187 | Dam hes 00 feet of roll-way of solid granite masonry; remainder is granite
pany. facing filled in with gravel. Can realize about two-thirds capacity of
wheels in dry times,
16 42 |} Granite dam, 30 feet high. Privilege is in two snceessive falls; an fron
Pequot Mills ....ovnneranns ot | Cotton goods. ... a6 136 } pq1111r;tock carries water to the upper mill, and & race thenee to the lower
mill,
R. G. Hooper & Co..............| Tnoocupied.........., . 12-167)...... ....
Doemviinnnnnan Cloakings weenvceenrerrennn.n., 25-26 56
Palmer Brothers.. Bed comfortables and cottonropo) 13 25
A, Hurlbut..oooooooieniaeoo oo Twine and cotton cordage 8 20
Ji00 1) N 22 40
J € 40 60-66
Small grist-mill and shoddy-mill, 20 25-30 | Privilege owned by C. M. Robertson. .
-+| Unimproved........c....ooeee.. 810 [veeunnn...
Bed comfortables 26 9 | Mpsonry dam with gravel embankment. Race and fluma 500-600 feot long.
Can run full capacity nine months in the year, and 60 horse-power the re-
mainder,
Woolen £00d8..een.nnnnn n.e... 12 24 | 1-set mill, .
I3 PR U n 20 | 1.set mill
Unimproved....occvvvunun..... 20 feenonnno..
Saw-mill...... 19 20
Unimproved. .......... 18-20 |..o.ooll. Between saw-mill and reservoir.

Stony and Trading Cove brooks are little streams ]
square miles, respectively. The first has & grist- and

distance above. The tall is rapid, and there are repor

little water running in the dry season.
Trading Cove brook has a small woolen-mill at the mouth, and one or two powers in use farther up. . It is not

thought to be as good a stream as Ston

quite dry.

a In New England the term roll-way

flows,
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¥ brook

ying to the north of Oxzobexo brook, and draining 8 and 12

saw-mill near the mouth, and a shingle- and grist-mill some

ted good opporturities for reservoirs, but there is now very

; its fall ig slight, and in the summer of 1882 it zan nearly or

L]

is applied to that portion of the dam between the abutments, and over which the stream
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THE SHETUCKET RIVER.

'1he Willimantic and Natchaug rivers unite, immediately below Willimantic borough, to form the Shetucket,
which then runs to the southeast and joins the Yantic at Norwich. Itis 13§ miles long, and lies mainly in the
towns of Windham and Spraguc and between those of Norwich and Lisbon. Norwich, at the wmouth, is a wealthy
and beautiful city, containing a population of 15,000, and is the ceiiter of important manuf‘fictulm«r interests.
Three miles above the city the Quinebang enters the main river from the east, and is, in fact, of more cousequence
than the Shetucket above their junction, containing a larger area in it basin, and being better supplied with
reservoirs. Between this point amd Willimantic, Little river and Merrick’s brook are received from the east, and ‘
Reaver brook from the west, but they ave all small streams.

The only elevations which I have been able to obtain for the Shetucket and its tributarvies are those furnished
by an old survey, instituted by citizeus of Norwich in 1825, the record of which was kindly loaned me by Moses
Pierce, esq., of that city. In view of the large developments of water-power which have since been made on those
streams, and some of which, I am informed, have been based directly upon the data supplied by the survey, it is
interesting to recall the words of its originators: “ We, the subscribers, believing that the improvement of the
unoceupicd water-privileges on the Quinebaug and Shetucket rivers would be a great public benefit, and for the
purpose of ascertaining the number, magnitude, location, and value of the privileges-on said rivers, hereby agree
to pay the sums affixed, ete. * * * Norwich, January 24th, 18257,

Mr. Pierce states that the survey has been found correct whenever there has been occasion to verify any portion,
aud it is fair to assume that the rest is equally reliable.. 1t extended from tide-water up the Quinebaug river to
Danielsonville, the entire length of the Shetucket, and about 3 miles above its head on the Willimantic and
Natehaug, The total fall in the Shetucket river wasfound to be 144.25 feet, equivalent to an average of about 7.7
feet per mile, distributed as below:

Table showing fall in the Shetucket river.
[From snrvey of 1825.)

Section of river, | Distance. |  Fall.

|
Iods. | Ft in.
Junction Willimantic and Natchaug to Bingham’s bridge 42 | 12 8
Thence to Island bridge.......oveennnn. i eeieemaeeas 500 | 7 10
Thence to lower end of Dyer's ditch. . 302 . 7 8
Thence to fuot of falls, below Manning's bridge.......... 864 8 3
From foot of falls (200 rods below Manning’s bridge) to !
mouth of Waldo’s brook at Wood's bridge -....-...... 574 . 11 4
Thenee 10 tIAe-WALEI . .vveermmeoene s cureee cnmaeennans 3,748 % 6
Total from junction of Willimantic and Natchnug
£0 tide-Water «oveeeniierenneerereeediiininans 6, 000 144 3

i i i
Nore.—TFrom the junction of the Willimantic and Natchaug nearly half-way to Norwich, or to Bultic slackwater, the fall, amounting to abeut 54 feet, is
unimproved., Yor the remainder of the distance it is practically all developed.

The points on this river at which it is used for power are, in order from the mouth, Norwich, or perhaps more
properly Greeneville, a suburb of the city, Taftville, Occum, and Baltic; between Baltic and Willimantic there ave
two unimproved privileges, which will be deseribed later. -

The drainage area of the Shetucket is 1,245 square miles, of which 512 are above its junction with the Quinebauy,
while 725 belong to the latter stream. Bxcepting those of the Quinebaug basin, the prineipal lakes and storage
reservoirs of the Shetucket drain into it through the Willimantie and Natehaug rivers, and hence benefit the whole
length of the river below. Their location and approximate areas are as follows:

Lakes and yeservoirs in tfw Wellzmantw and Ne ztolzuu() basins.

! Approzi- |
Name, : Location, t mnt(«a.)\m Q. | Ontlet,
H e e P——
!l Aeres. I -
Staffordvillo reservoir .ooovveunn. Nortlicast part of town of Staflord ...| 200 ' Yurmnace brook.
Square pond (reservoir) ..] Ellington and Stafford .........coooot f *175 z Teaches West branch of Willimantio river.
Orcuttville reservoir .. ...... ..| Townof Staffoxd .....coviiveenaanane [ | Middle river.
Wangumbang lake (reservoir) .....| Town of Coventry . %460 | Outlet yuns to Willimantie river.
Bolton resorvoir.-w. . oaocercnans Northorn part of town of Bolten ..... I 500 | Hop river,
Columbia reservoir .. Town of Columbia. oovomnean oo ooe f 282 | Drains to Hop river.
Black lake.......... ...! Western part of town of Woodstock. . : *80 | Drains to Natchang river.
¥ Crystnllake (reaerv: 011‘) ..; Rastford and Woodstoek ........... \ 200 ‘ Still river to Natchaug,
Eastford regorvoir. . c..coeeaenaun Towi of Bustford .eorviniieaneanaa.e 200 Drains to Natchaug river.

i 1

a Noi very necurate probably, but the best estimates T could obtain; where marked by & star (*) areas were meagured on map of state of Connecticut.
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The Shetucket viver rises rapidly after rains, usually coming up for about twelvg hours after a storm hag ceased,
and then gradually falls away ; even an ordinary rain has an important effect up9n its vo?ume, and when the supply
is low will sometimes give the mills plenty of water for several Wegks. 'I?here is very little low ground along the
stream, and the banks are not overflowed. Backwater causes but little hindrance and never any stf)ppzbge to the
mills, At Baltic the working head is sometimes reduced 3 or 4 feet, but the trouble is ogly expemgnced during
a very few dags in the year. A depth of 4 feet of water flowing over the dam (roll-way 515 .feet long) is considereq
quite o large freshet rise. At Taftville the ordinary spring-freshet rise below the dam 18 5 or 6 feet, and the
hinderance from backwater is stated as even less than at Baltic, amounting to only a foot or two net reduetion of
head, and that for but one or two days.

Neither is there auny trouble worth mentioning from ice. Whatever floating ice comes down from the upper
river raus out on to extensive flats near Seotland station and melts there; little ice, therefore, except that formed
below Scotland, goes over the Baltie dam, and at Taftville the depth of water running over the crest of the dam ig
50 smallnot amonnting to more than i3 or 4 feet in common freshets, that tlae ice does not escape from the pong-
uetil 50 thoroughly rotted as to be harmless,

Although, as I have stated, the ordinary freshets in the Shetucket ave not serious, yet, in at least two instances,
it has been visited by destructive floods. Maveh 26, 1876, the river rose to such a height as to run 10 feet deep
over the Taftville dum, and 12 or 14 fect deep over that at Greeneville. This was on Sunday. Through the
preceding week heavy rains had filled all the reservoirs, and during Saturday night drenching showers carried the
streams ont of their beds. The storm was general and disastrous in Connecticut, Rhode Island, and Massachusetts ;
it was stated that in the vicinity of Providence 4.06 inches of rain fell during Saturday and Saturday night,
making 7.66 inchesin six days, 'The losses Ly this freshet were great throughout the section in which it oceurred,
and were estimated to amount to several hundred thousand dollars in eastern Connecticut. Dams were carried away,
mills were injured, warehouses submerged, and railroad embankments washed out. The larger part of the damage
was along the course of the Shetucket viver. At Baltica portion of the dam and part of the mill were carried away
the bulkhead of the Oceum dam was washed out, and the mill suffered jujury; and at Taftville the embankmeant
forming a part of the dam would probably have been overcome, and the splendid mill destroyed, had not the
former been protected by a hastily-built breastwork of rock and bales of cotton-waste. .

Again, almost exactly a year later, on the morning of March 27,1877, the storage reservoir at Staffordville
gave way, and caused heavy losses in the town of Statford, and especially at Stafford Springs.

Improved privileges—Ascending the river, the fivst power is that at Greeneville, immediately above Norwich.
The riverin this vieinity is skirted by high hills, rising steadily from the water, and but slightly timbered; itis about
300 feet wide between banks, with a bed composed of gravel and small bowlders.

The old Greeneville dam is about a mile and a half from the Thames. Tt was builf in 1829, but-has since been
raised 5 it is a timber and stone strueture, with stone abutments, and cost, say $50,000; the voll-way is 326 feet
long and 14 feet high. Above is a pondage of perhaps 125 acres, The canal follows down thé west banlk, and is
seven-eighths of a mile long, from 50 to 50 feet wide, and 10 feet deep.

The mills supplied with water are, in order, F, B, Durfee’s grist-mill, the Hubbard paper-mill, and the mills of
the Norwich Bleaching and Calendering Company, the Chelsea Paper Company, and the Shetucket, Mannfacturing
Company (cotton goods). The total rated power of wheels in use is stated at 1,600 or 1,700._horse-power.

The privilege is operated by the Norwieh Water-Power Company, which has sold absolutely to the varions
mills their rights to water, reserving a certain annual rental amounting to about $130 per 1,000-spindle power. Such
measurements of water as are carried on are made at the gates opening from the canal.
three in nuwmber at each flume, each gate-opening being 4 feet wide. In measuring, the gate is raised to a )_)oiqt
leaving a small head between canal and flume; this head is m eacured, and the flow determined by formula. Ttis
designed to introduce flume-measurements in time,

‘The privilege owned by the water-power company covers cer
water to the foot of what are known as the Quinebang falls?, and an additional foot of fall is also claimed. The
heads actually obtained at the mills range from 144 to 17 feet, according to their position along the canal, So far as
regards & thorough utilization of the power of the river, the plan of development adopted here is not the most
desirable. 1f the dam could have been located considerably farther down-stream, and water carried to mills at
tide-water, the entive benefit of the fall might have been received and the pondage substantially increased. The
cost of the dam would have been greater, on account of its additional height; but, on the other hand, there would
have been no necessity for building up a village separate from the city, as has been done at Greeneville.

At this poiut the Shetucket inclndes in its volume the water discharged by the Quinebang. During high

water the effective head at the milly is, of course, somewhat diminished by backwater, but not for more than one
or two days in the year is the hindrance so great that they have to shut down. The common freshet depth on the
dam does not exceed 6 or 7 feet,  In the river below, the water sometimes rises nearly to the top of the canal bank,
and has even been known to cover it from sight. The chiel trouble ig experienced from low water, and some of the
mills use steam as anxiliary power. The supply of water is sufficieut to run them all at full capacity six to seven
mon thsligzé ordinary years, and perhaps three-quarters capacity the remainin gmonths, The pond is sonlletimes drawn

These gates are usnally

tainly 19 feet and 5 inches, extending from tide-
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down 18 inches, and there is seldom in summer any water running over the da, even at night. During low stages
a certain priority in rights to water exists; the Shetucket Company stands first, and must be supf)lied in prefere{me
to any of the other mills, The manufacturing concerns ou this privilege are all of large size; they are conveniently
located between the canal and the river, with the Norwich and Worcester railroad on the opposite side of the canal,

In September, 1881, work was begun upon a new dam at Greeneville, about 1,200 feet below the old one, -The
roll-way of this dam is to be 400 feet long; the masonry work is 15 feet high and is set slightly into the river-bed, its
crest being on the same level with that of the old dam. The bed of the river is here comyposed of gravel containing
cobble-stones or small bowlders, and refains that character to a considerable depth, probably 30 feet at least. The
dam is 15 feet wide at the base and 74 feet wide at the top; the face batters 2 inches, and the back 5 inches, to the
foot. Thework is in rubble masonry with cut-granite coping; the rubble is composed of a quartzose rock of varying
composition. The back slope is to be faced with concrete to a thickness of 1 foot, secured {n place by plaukix;g.

An apron of timber projects 22 feet below the dam. It has an upward slope at the down-stream end, attained
by a *pitch-plank?, designed to throw the water out and permit it to fall in sueh manner as not to produce scour
in the river-bed at the end of the apron. The aproun is of two thicknesses of timber, the intervening space filled
in with sand and stone, except under the incline, where it is to be grouted stone. At the edge of the apron sheet-
piling is driven 11 to 113 feet into the river-bed; another row is driven 5 feet deep at the foot of the back slope of
the dam. This precaution is to prevent leakage and scour under the structure. The material of the apron i hem-
lock at the bottom and yellow pine and oak at the top. The abutments are curving in plan, and built of rubble. The
bulkhead is on the west side; it is of rock-faced masonry, and will contain six gate-openings, each 10 feet square.

‘Work on this dam was begun in September, 1881, as has been stated, but discontinued during the winter. The
completed work was diked in, and no trouble experienced from high water. Upon the return of fayorable weather
work was restuned, and in August, 1882, was well advanced. At that time the upper dam diverted nearly all the
flow of the river into the canal, and very little reached the work.
The new structure was being built out simultaneously from both
shores; it was expected to be completed during the fall, at an
estimated total cost of about 60,000,

The next privilege is occupied by the Ponemal mill, at Taft-
ville, This power is a short distance above the confluence of the
Quinebaug and the Shetucket, and about 4 miles from Norwich.
A spur from the Norwich and Worcester railroad, a mile and a
guarter long, runs to the mill, :

The river bed and banks are at Taftville composed mainly of
gravel, and at a slight depth a sort of hard-pan is met, which
affords the finest of foundations. One end of the mill rests upon
rock, u kind of granite, which was quarried and worked into the
foundations; a pocket of sand, which was used in making mortar,
was also found on the site of the mill. There is no good brick clay
in this section, however, and the bricks of which the mill is con-
structed were brought from Dayville, about 25 miles north on the
Norwich and Woreester railroad,

The structure is indeed a splendid one. The main mill is 750
feet loug by 74 feet wide, and 5 stories high, with an L 228 by 61
feet, and 4 and 6 stories high. It contains 108,000 spindles and
hag a capacity for about 2,500 looms. Another Jarge building, to
be used exclusively for weaving, was being constructed in 1882,
Some 1,200 hands are employed, and with the completion of the new works the number will be inereaged to at least
1,500. The manufacture comprises more than 200 styles of lawns, cambrics, and fancy goods. Very fine numbers of
thread are nsed, and it is said that no mill in the United States makes finer goods than the Ponemah; and still higher
numbers of thread are before long to be employed. The enterprise of manufacturivg was begun at Tafoville wore
thau ten years ago, but became embarrassed financially and the property was sold. The present company purchased
while the mill was only partially complete, finished its constraction, and stocked it with the very best xnachiucrgz.

The dam has a novel shape, which has not been observed elsewlere on a seale of any importauce. It consists
of four ellip(‘}ical sections, separated by piers. It is thought that in time the village in which the operatives live will
have to be extended to the opposite side of the river, and the dam huas been built in the manner deseribed in order
that the piers may serve to bear the superstructure of a bridge. The piers are 8 feet wide at the basc aud 6 fec.tt
at the top; the elliptical segments are each 100 feet in span, so that the entire length of dam between abutments 18
413 feet, measured in a straight line; if we take iuto aceount the snpplementary embankments and the balkhead, («)
this length should be increased to about 800 feet. The dawm is of rabble masonry, 16 feet wide at the‘basc and
8 feet at the top, the coping-stones being a little shorter, lhowever, or 0 feet; the height of the structure is 24 feet,

FiG; 5—Ponemah mill at Taftville,

& The term “bullchead” is used to indicate the masonry or timber work in connection with the head-gatos at the entrance t01 {:)Llctmm'l.
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and the face has something of a batter. The apron is a heavy crib-worlk, 4 feet deep, and project«ir‘xg 24 feet from the
foot of the dam; the last few feet have an upward slope in the same manner as. already explained in conneetigy
with the Grreeneville dam. The west bank at Taftville is rock, while the river bed and east bank are gravel, T,
Dbuilding the dam the river bed was excavated till a firm material was reached. The trench was then filled wit,
sifted puddle, inclosing a line of sheet-piling which projects 4 feet below the bottom course of stone and ig byjlt
into the masonry ; there is also a line of priming at the end of the apron.

The abutments are very heavily built, of masonry, are curved in plan, and rise 13 feet above the crest of the
dam. An embankment connects the west abutment with the bulkhead. The latter is constructed of granite
masoury, has five 8-foot arched openings, and two parapets, it being used as a bridge. The hoisting-gear for the
gates is operated by hand-wheels, which turn a horizontal shaft acting upon the different racks. The Taftville damy
was built from 1867 to 1870, and its cost complete is roughly stated at about $100,000.

The canal is 50 feet wide at the bottom, 60 feet at the top, and inclosed by masonry walls. It hasa tota] depth
of 20 feet, 10 feet above and 10 feet below the crest of the dam, the additional depth being designed to carry freshet
water and so prevent, as far as possible, loss of head from backwater. It runs from the bulkhead a short distance
to the mill, passing under one end and continuing to the eenter, opposite which are located the wheels. The tail-
water passes through arched ways under the head-race, and soon escapes into the river at the rear of the mill. The
canal or head-race is 400 feet long from the head-gates to the center of the mill; the tail-race is 228 feet long and 60
feet wide. The short races employed here are to be noticed. The dam is located well down-stream on the privilege,
giving a large pondage above; the water is promptly delivered to the wheels through a canal of ample dimensions,
and quickly returned to the river again.

New water-wheels have lately been set, and comprise a Swain and two Collins turbines. At present, when
running at full capacity, 1,200 horse-power is employed, the head on the wheels being about 25 feet. The entire
fall, however, on the Ponemah privilege is 30 feet; the wheels have been set for that fall, which will be gained by
excavating the shoals in_the river below the mill. ' :

The whole privilege, with 30 feet fall, is estimated at 1,500 effective horse-power in a low stage of the river, av
sufficient for 115,000 cotton-spindles. In ordinary years full capacity can be run all the time by water, butin
exceptional seasons, such as the summers of 1881 and 1882, the supply runs short for perhaps a couple of weeks;
in such emergencies a 250 horse.power steam-engine is employed. With the present head the privilege is estimated
never to fall below 1,100 effective horse-power, and for six or seven months in the year water wastes over the dam
day and night. The pond sets back 2 miles up the river, but is never drawn down far, the policy being to maintain
it nearly full, and so preserve the head. ) )

The power next to be described is that at Occum, about 2 miles above Taftville. It is not on the line of any
railroad, but is a little more than a mile from Versailles station, on the Providence division, and between 2 and 3
miles from Taft’s station, on the Norwich division (a) of the New York and New England railroad. It is owned by the
Ocenum Company, of Norwich, which has developed it with the view of leasing power to manufacturers. In 1880 a
total of 180 (%) horse-power had thus been disposed of to two concerns—the Totokett cotton-mill and E. 8. Farnbam,

The regular rate for power here is $20 per annom per horse-power. 1 estimate the available power of the privilege
as follows:

Estimate of available power at Ocoum.

'Flowdper E{lfcct,ive
Drainage | 86CODGAV-1  mygoratical horse- 0188.
Btage of river. €€ | “orage for ‘ power util-
ared. Py power Irod in
hours.(a) 1880. .

8q.miles. | Qubic feet. | 1 foot fall, | 14 feet fall.

Low water of dry year............... l [ 185 210 280
Low water of average year.......... 464 230 26,1 370 180 (%)
Acvailable ton monthsinaverage year. J I 300 34.1 450

a By pondage along the stream the flow und power in low stages would probably be doubled for twelve hours in the day.

The improvements at Occum have been very substantially made. The work on the dam, abutments, bulkheads,
and a river wall extending some distance down the west bank, is all of cement masonry. The dam itself is 12 feet
thick at the base, G feet at the top, and 12 feet high; it is backed by gravel, paved on the slope with large flat
stones. Supplementary to this part of the dam, which constitutes a roll-way 300 feet long, is 500 feet of earthen
embankment, 20 feet high and 50 feet wide at the base. The apron is planked, and below it are large stones
placed on the river bed to break the force of the water and prevent scour. There is @ bulkhbead, with head-gates,
at cach end of the dam, the design being to use power on both sides of the river. The mills now built are on the
west bank, but any new mill wounld probably be located on the opposite side. The west canal is about 500 feet

long, 40 feet wide, and 8 feet deep. The available fall at the millsis about 14 feet, Above the dam is a pondage
estimated at 75 acres.

199 a Norwich and Worcester railroad—leascd.
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The Occum dam cost, in round numbers, $50,000. Work upon it was begun about the year 1865 or 1860,
During its construction the company became involved in a lawsnit and was compelled to stop work ; and a heavy
freshet occurring about that time carried away part of the dam, with a loss of $15,000; and again, at the time of
the Baltic disaster, it was damaged to the extent of about $27,000.

The last improved privilege on the Shetucket is the splendid one at Baltie, belonging to the estate of the A. &
W. Sprague Manufacturing Company. It is at present leased by H. L. Aldrich, of Providence, for the manufacture
of print cloths. The main building of the mill is 630 by 68 feet, and has two wings which increase the total len gth
of the structure to 850 feet; it is 60 feet high and contains four principal stories, or six counting the basement and
attic. In all 70,700 spindles are run, and 1,750 loows; 1,100 hands are employed, and when running full capacity,
142 hales of cotton are used per week, - '

The present dam was built in 1876, It rests upon a gravel bed, and abuts at the west end upon a natural
ledge. The roll-way is 515 feet long, with a height of 24 feet above the river bed; it is 80 feet wide at the base and
4 feet wide at the top. The actual height of the dam, however, is much more than 24 feet, for the structure is
carried down into the river bed some 20 feet. It consists throughout of a log erib-work, filled in with stone and
puddled. The logs of the various courses are pinned together with iron pins. The face of the damn slopes rather
more than the back, and is covered with 4-inch hemlock planking. The apron extends horizountally 17 feet from the
foot of the slope, rests upon crib-work like that in the dam, and is covered with 8-inch white-oak planking. At the
foot of the back slope, aud again at the end of the apron,'is priming, consisting of round white-oak piles, 8 or 10
inches in diameter, driven with a pile-driver as far down as possible.

Toward the west end the dam is pierced by a penstock, measaring 4 by 5 feet transversely, for drawing down
the pond. The dam is obtuse-angled in plan, the apex up-stream. At the east end of the roll-way is a masonry
ahutment 37 feet 5 inches high from base of foundation, 80 feet long, and built 20 feet wide, of granite. From this
abutment there runs a gravel embankment 180 feet long, 150 feet wide at base, 50 feet wide at top, and about 40
feet igh, rising 16 feet above the crest of the dam; through its center extends a row of priming, like that already
described, and driven down to about the level of the foundation of the roll-way, that is, some 20 feet below the
river bed; at that depth hard-pan was strack. The roll-way of the dam is backed with gravel, paved with large
flat stones for a considerable distance from the crest. The tendency of the water flowing over the dam is to form
powerful eddies beside and against the masonry abutment. To guard against this a timber wall, some 4} feet in
Lieight, has been carried down the front slope of the dam at an interval of, say, 20 feet from the abutment, shutting
off the ordinary flow of water over that portion. A crib-work dike has also been extended some distance below the
foot of the abutment and in a line with it.

At the inshore end of the embankment is the bulkhead, a fine piece of granite masonry. It is 80 feet long,
35 feet high, 20 feet wide at the base, and 11 feet wide at the top. Water is admitted to the canal through six
gate-openings in this bulkhead. The bank adjoining the bulkhead, on the side away from the river, is a fine,
sandy gravel, and at that end of the bulkhead priming was driven to a depth of 25 feet. '

The head-race extends 700 or 800 feet from the head-gates to the mill, and then along past its whole front, giving
a total length of, say, 1,500 to 1,700 feet; it is 50 feet wide, and carries an ordinary depth of 6§ feet of water. The
tail-race also extends the whole length of the mill, in the rear, and then on to the river. Both head- and tail-races
are walled with stone.

Power is taken from four Collins turbines (two 8 feet, one 5, and one 4% feet in diameter), aggregating about
1,200 horse-power; these were stated to run under a head of 24 feet. Reliance for power is placed solely in water,
steam nof. being used for that purpose. There has been a lack of water for running at full eapacity not more than
fourteen days in any one year. In the extreme drought which was being experienced at the time of my visit, in
Angust, 1882, 850 effective horse-power was being realized, and I was informed by Mr. N. R. Gardner, the manager
of the mill, that the river was then lower than he had seen it before in twenty years.

By tlash-boards («) the height at the crest of the dam can be increased 2 feet; the flowage is then approximately
500 acres. Tor four months in the year the water can be entirely ponded during the might; for six months it
wastes Loth night and day. No trouble is encountered at this point from anchor-ice or from cake-ice. The latter,
if allowed to form and break up in the canal, would bother at the rack at the entrance to the flume, but this
trouble is obviated by a rude frame-work floating on the surface of the canal, dividing it into squares of a few feet
on a side, gnd thus holding the ice. |

Failure of the old Baltic dam.—The original dam at Baltic was a framed structure, open underneath, The
roll-way was only 220 feet long, the embankment at that time extending to the apex of the angle in the present
dawm, or 295 feet farther than now. The abutment was of wood, and the bulkhead was also of wood, old and
somewhat decayed. During the great freshet of March 26, 1876, » tremendous body of water eame pouring dom}
the river, till there was a depth of 15 feet on the roll-way. It finally broke through the bulkhead, filled, overtiowed,

@ So called in New England, but termed © brackets” in the West. They are boards fastened temporarily upon the orest of a dam,,
usually to a height of 110 3 feet, and designed to insure a larger storage in low water. They also increase the head so long as the pond
Temains up.
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and gouged out the bank of the canal, and rapidly cut away the embapkmfznt of thfa dam, although the roll-way
remained intact. The flood swept against the nearer end of the Baltic mill, of wh.mh over 90 feet Was' carried
away, together with valuable machinery. An engine-house was destroyed, and thg mlll-rages were filled with sand
and gravel. The loss at this point probably exceeded $200,000, and $40Q,000 were spent in repairs out.su'de of "the
mill, including a new dam, abutment, bulkhead, and embankment, clearing out the race-ways and lining thep
ith stone walls, . .
i gffi:;;wored privileges.—I have now described all the improved powers on the Shetucket.l 'Thel'e remain twg
privileges, undeveloped, and located, one at Seotland station, also known as the.“Waldo privilege”, anq one at
South Windham. Both belong to the estate of the A. & W. Sprague Man'ufactumng Gpmpany. The fall includeq
in these two privileges may be regarded as abount 54 feet, which agrees quite closely' with the result to be obtaineq
by dedueting the fall belonging to the privileges below from the total fall of the river as shown by the survey of-
1825. Ex-Governor Willlam Sprague assigns 20 feet to the Waldo privilege and 34 feet to that at South Windham,

The Providence division of the New York and New England railroad follows down the east. bank of the river
past both privileges, and the New London Northern road also skirts the west bank at South Windham, Between
‘Willimantic and South Windham the immediate valley of the Shetucket is rather narrow, seldom spreading to g
greater width than half amile to a mile. Hills of moderate height rise from the stream, and are suceeeded by higher
ranges farther back, only visible from an elevated point. The timber has been genem%ly.f ct}t away, though quite large
patches remain on the steeper slopes and on the summits of the higher hills. Thesoilis light and sandy or gravelly,
and can be of butlittle value; the land seems to be used mainly for pasturage, but yields considerable grass and some
corn and potatoes. Trom South Windham to Scotland the country is much more thickly wooded than above; much
of the way the hills rise abruptly from the river, so that its immediate valley is narrow, with steep slopes.

At Scotland station the river is from 200 to 250 feet wide between banks. The bed is gravelly, and the banks are
also gravelly in part, thongh sandy in places. Opyposite the station they are perhaps 12 feet high. A shoal extends
from this point a quarter of a mile, more or less, down-stream to Baltic backwater. In the vieinity of the station
the ground bordering the river is flat for a considerable distance back on both sides. Near the foot of the shoals
the west bank rises to a high, sandy and gravelly bluff, while the east bank sinks still lower than before, and forms
low flats on which the ice is thrown out in spring. A quarter to a half mile above the station the hills close in on
either side of the river, and give the only opportunity in this vicinity for a high dam. Thence down stream the
east bank is favorable for a canal, except that a short distance above the station a brook puts in from the east.
Mills would naturally be located on that side, as the ground is snitable and the railroad near at hand.

I found no record of any gaugings on the Shetucket river, but should estimate the power at this privilege
as below. The rainfall on the basin of the riveris approximately 11 inches in spring, 184 in summer, 12 in autumn,
11 in winter, and 474 for the year., '

Fstimate of power at Scotland station.

. Drainage | Flow per Theoretical horse-
Stage of river, aren. secondl.)(a) power.,

8q. miles, | Culio feet. | 1 foot fall. | 20 feet fall.

Low water, dry year....ccevverrecenn 170 10.3 390
. Low water, Average Foar ............ b 420 210 23.8 480
Available 10 months, average year... 278 31.2 620

’% ﬁ{"gx;:'z,gg[ 2(;; it&?:gg&? hours. Tn low stages the flow and power would probably be doubled i‘or twelve hours in the day.

At South Windham the river bed is gravelly and covered with cobble-stones. At the road bridge, which
crosses at this point, there is quiet water, extending perhaps 1,000 feet still farther down stream ,and succeeded by
shoals reaching a long way beyond. Above the bridge a high gravel bluff rises from the river on the west side, and
there is a similar one on the east side several hundred feet below the brid ge; elsewhere the banks are from 10 o 12
feet high above low water, and suceeeded by flat or gently sloping ground for some distance back. I was informed
by a resident of the village that the design was to locate the dam, if the privilege were ever improved, opposite
the upper bluff; if this were done, I should say that an embankment of considerable len gth would be required on
the other side of the river. As regards building and convenience for shipping, the privilege is finely situated, with
abundance of room, and two railroads close at hand.
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Bstimate of power at Sowth Windham.

Approxi- | Tlow per
Stage of river. mato drain-| second,
age area, (a)

Theoretical horse-
power.

Sy. miles. | Oubie feet. | 1 foot fall. | 84 feet fail.

Low water, dry year....acveaiearsa.. 160 18.2 620
Low water, average year.. ...co.ve-.. 400 200 22,7 770
Avajlable 10 months, average year ..

260 ‘ 2.5 1,000

o Average for the twenty-four bours. Inlow stages the flow would probably be concentrated within twelve hours, and, therefore, doubled for that time.

TRIBUTARIES OF THE SHETUCKET RIVER.
A THE WILLIMANTIC RIVER.

The main river has a length of 21 miles, measured from its mouth to Stafford Springs; at that point it
divides, and in the town of Stafford is made up of several small streams, some of them rising a short distance
above the Magsachusetts line. Its entire drainage area is 229 square miles. The old survey, previously mentioned,
furnishes the only figures I have as to the fall, but it extended only a short distance above the mouth. Some of
the localities mentioned in the survey are probably no longer known by the names there given.

Fall in the Lower Willimantic river.

[Survey of 1825.)

Section of river. Distance. Fall.

: - Rods. Ft. In,
Top Fingley's dam to cove below Lee's tail-race. 66 18 8

Thenee down the river..covaiiaeniiiin ieenaan 54 5 9
 Thence to mouth of Byrne & Smith's grist-mill

tail-race, including paper-mill fall ..ooooeene.. 208 46 38

| Thence to junction with Natehaug (@) ......... o008 |- 87 0

Total, top Fingley's dam to month, ...... ( - 157 8

@ Utilized at Willimantic..

In spring there is a heavy run of ice down the river, and gorges sometimes form above Willimantic, The
stream is rapid to rise and fall; its drainage slopes are in general steep, underlaid at slight depth by rock, and
shed rains quickly. Even in the driest season an ordinary summer shower will start water running over the
Willimantic dams. A very high stage of water seldom lasts, however, more than three or four days; for that length
of time during the year some trouble is met in the reduction of head, amounting, at the Windham Company’s mill,
to perhaps one-third of their total fall of 13% feet.

Willimantic is the principal manufacturing point on the river. The borough contains between 6,000 and 7,000
inhabitants, is finely located, mainly on the right bank of the stream, and has good railroad connections by several
lines. ,

The river is here, where running freely, from 60 to 100 feet wide, and presents very favorable sites for dams.
The bed is composed almost entirely of rock ledges, showing a considerable dip to the south and southwest. Where
there are no rock ledges the bed is covered with bowlders. The north bank is of good height, steep and rocky ;
the south bank is less abrupt, and all the mills are on that side. The surface materials in this section are quite
variable; there are many ledges of rock, granitic in composition, but with the constituents very coarsely and
unevenly mixed. Much of the stone, however, is of better quality, and resembles ordinary gramite in general
appearance, but is softer, and answers well for building. Mostof the stone used for the buildings and dams of the
Linen company was obtained either on the premises or close at hand. Bowlders and chips of granite are also
found, even deep beneath the surface, and large “pockets” of sand ; the Linen company procured sand for building
burposes upon its own grounds. k .

There are six dams across the river at Willimantie, four stoneand two framed. The mills are all fine structures
of stone, and are located at the ends of the dams, races thus being dispensed with. Far the largest concern is the
Willimantic Linen Company, which owns the four lower privileges. Its dams vary in length of roll-way from 125
to 225 feet. Beginning at the lowest, the falls on the successive privileges are 163 feet, 22 feet, 11 feet, and 13 fegﬁb
7inches. The total rated capacity of water-wheelsis 1,150 horse-power, which can be realized about nine months in

the year; during the rest of the time steam has to be used more or less. Very little water is pounded at these dams,
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and the Windham company, farther up strean, is relied uwpon to hold the water .during the night in its pond,
which is of good size; thisit is able to do for about four months in the year, but for eight months water wasteg over
the dam, and much of the time both day and night. The Linen company employs '1,500 hands and occupies tha
following prineipal buildings:  No. 1 mill, part measuring 200 by 72 feet, and the remainder 60 by 80 feet ; l?loachel‘y,
80 by 112 feet ; dyehouse, 140 by 70 feet; main mill, 407 by 70 feet; storehouse, 150 by 70 feet; No. 3 mil}, 200 by
40 feet; No. 4 mill, 820 by 172 feet (uses 650 horse-power and is run entirely by steam); spool shop, 150 by 40 feat,
The sole manufacture is thread, of which 27,000 pounds are made per week, from ninety to one hundred bales of Sea
Island cotton being consmned in the same time. ’

Ascending the river, the next privilege is that occupied by the Smithville Manufacturing Company,
manufacturers of cotton sheetings and silesias and running 21,000 spindles. Two wheels, aggregatin g 300
horse-power, are run under 11 feet head. The company also owns 3 or 4 feet of unimproved fall below the tail race,

The uppermost privilege at Willimantie is that of the Windham Cotton Manufacturing Company, established
in 1822, Iighteen thousand spindles are run in the mannfacture of print-cloths, A fall of about 133 feet is used,
with water-wheels of 300 horse-power capacity, '

Summary of water-privileges at Willimantic,

= e el
} Horse-
Company. Fall. ipowerof Temarks.
wleels, '
. Feet,
Windham Cotton Manufacturing Com- 13 300 § Stonoe dam, roll-way 147 feet long.  Tor six weeks in low water an average of about 150 effective horse.
pany. power is realized,

Smithiville Manufacturing Company ...0 14-15 300 | Elsven fect fall in use. Employs steam-power ir addition to water throughout the year.
Wﬂlimm‘ilﬁ(: Linen Company (upper 137 270 - | Stone and cement dam.  Steam used as auxiliary power in Jow water.

privilege). ! ’

DO e e 11 220 | Framed dam with inclined braces. Steam ag auxiliary powerin low water.

T P 2 500 | Stene and cement dam. Steam used constantly for auxilinry power.

P 163 180 | Framed daw, Water-power alone used.

Two important storage reservoirs in the Hop River basin ave controlled at Willimantie. Columbia reservoir,
flowing 282 acres, is controlled by the Linen company. It was formed by raising the water-level to a height of 25
feet above the natural water-surface in the stream at the dam; it will admit of being drawn down 22 feet, but does
not il regnlarly.  Bolton reservoir is owned jointly by the three Willimantic manufacturing companies and the
Hop River Warp Company, Its flowage is roughly estimated at 500 acres; it fills regularly, and, it is said, can be
drawn down § feet from full water-line. .

Passing above Willimantie, 13 feet fall and 150 horse-power are nsed by the Bagle cotton-mill at Bagleville, and
at Maunsileld and Merrow’s Station falls of 10 feet each and small powers are also in use.

From Willimantic to Stafford Springs the coun try has a hilly surface, diversified by a moderate amount of
timber. The immediate valley varies considerably. In some Dlaces it is narrow, with steep rocky slopes; in ofhers
wider, with a Jong, gradual rise to the summits of the hills. Narrow strips of grass-land border the stream at
intervals, but ave reported to be not very valuable. The stream itself is small, with a gravelly bed, and shows many
riffles, with now and then stretches of quict water. Through the intervales the banks are low; elsewhere they are
not sharply defined, and are very variable in slope and hei ght. The New London Northern railroad follows the river
closely. "There is considerable unimproved fall between Willimantic and Stafford Springs which would answer for
powers of moderate size. It is mainly in the hands of farmers owning adjoining land, and they are said to be
reasonable in their prices and anxious to have improvements made. At points toward Stafford Springs the valley

is too narrow to be favorable for canals or buildings, but in the wWhole stretch of river considered several good
privileges could doabtless be obtained.

TRIBUTARIES OF TUE WILLIMANTIC RIVER.

Two principal branches, which for convenience may be termed the Bast and West, unite at Stafford Springs,
Counecticut, to make up the main Willimantic rviver. Below the Junction Rawitser Brothers have two small
privileges, but the prineipal mannfactaring is on the branches, The Bast fork has the more rapid fall and is moeh
the flashier stream of the two, The West has & broader valley and carries more water; after a rain it usnally
continues to rise from six to twelve hours, and then gradually falls. Tt has two large re;ervoirs and above the
Junction of the streams from Square and Oreuttville ponds there is an extensive wooded section frém which one or
two well-sustained little brooks proceed that materially assist this braucl., Above their confluence the drainage
areas of the Bast and West branches are, respectively, 20 and 36 square miles, '

The BEast hranch has a narrow valley much of the way, with steep rocky slopes, and while it continues rising

50 101)§~’9§S a storm lasts, on its cessation it immediately recedes and soon sinks to its former volume. Five miles
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above Stafford Springs this branch is supplied by a reservoir owned by the Stafford Water Power Company, an
association of mill-owners who hold st_ock in proportion to the amount of their fall. This reservoir contains 200
acres, and can be, and in some seasons 1s, drawn 'down 20 feet below full water-line; it has an extensive water-shed
reaching 2 miles or more away, and always fills in spring. TFor two or three months the reservoir is drawn upon
to supply the stream, but for the remaining time the natural flow alone is sufficient. '

March 27, 1877, the old reservoir dam gave way, carrying with it all the dams, eight in number, and bridges
on the stream below, causing & loss of two lives and a damage estimated at $100,000. The dam had been built
ander the charge of an experienced man. Work had been carried on, however, through the winter, when the
material of the embankment was in a frozen condition ; in spring it became soft, and a heavy rain coming on the
whole wenf out.

The dams on this branch are, in Stafford Spiings at least, of stone. The ponds are mainly small and are not-
relied upon for much storage, the flow of water being sufficiently well controlled at the reservoir. The fall seems
to be about all taken up. There are mills at intervals all the way up to the reservoir, each mill clustering around
‘it a little village of its operatives. The volume of water flowing in the stream is small, but the heads obtained
are large; at the three lower mills, at least, breast and overshot wheels are used. Water is usually brought to the
mills through races several handred feet in length carried along the side-hills. The upper mills have to transfer
goods and material to and from Stafford Springs by team. The village has a population of about 2,100, enjoys fair
shipping facilities, and has considerable manufacturing importance.

Lower privileges on the Bast braneh at Stafford Springs.

Fallom- | HOTsC:

Company. ployed. Ix’i'ﬁvfﬁs‘.’f . Remarks.
Feet.
Granite Millg..ccooceimersecranaaeinana: 27 80 | Lowest privilege, Stone and cement dam; roll-way 100 feet long and 22 foet high, with supplement-
ary embankment 200 fectlong,  Small pond; race 800 feet long; breast-wheel used, and ean generally
~ Dbe run at full capacity throughout the year; steam for anxiliary power,

Warren Woolen Company...cooeevvnn. 25 100 | Stone and cement dam about 25 feet high; race say § milo long ; worsteds manafactured; two overshot

wheels and from 20 to 30 horse-power of steam in use.
Glyn ComPANY.evevrvececerinaaacainn, 19 50-60 | Power located rather above the village; company manutactures cotton warps and yarns, employs 25

hands, and rung 2,200 spindles; dry-stone dnm with gravel backing, built in 1877 at o cost of $5,000;
roll-way 100 feet long, 17 feet high ; avorshot wheel used.

Riverside Woolen Company..aace.c.... 26 84 | Two or three miles above villnge; uses turbine wheel,

The areas of the reservoirs supplying the West branch cannot be definitely given. The Orenttville reservoir
isroughly deseribed as about three-quarters of a mile long by half that breadth, and Square pond as nearly a mile
each way. The former is owned by the Orcuttville company, using. power at the outlet. It is reported that the
company has the right, to raise the pond 2 feet higher, and that it would admit of being raised 5 feet. Square pond
is a natural lake raised 6 feet by a dam, and can be drawn down 7 or 8 feet. It is owned by Messrs. C. Fox & Co,,
of Stafford Springs. It is said to be possible to raise this pond 8 feet higher, but the site of the present dam has
considerable quicksand, and would hardly admit of a higher dam in safety, without an excavation down to rock.
This pond is fed to an important extent by large springs in its bed.

The lowest improved privilege on the West branch is that oceupied by the 7-set mill of the Mineral Springs
Company, manufacturers of cassimeres. This company has 14 feet head, uses 50 horse-power of water, which can
be realized except in very dry seasons, and also employs 75 horse-power of steam. ‘

Wangumbaug lake and outlet.—This lake is a beautiful sheet of water, with a surface variously estimated at from
400 to 600 acres. It lies toward the center of the town of Coventry, Connecticut, and drains easterly by a short
outlet to the Willimantic. The drainage area of the lake alone is perhaps 5 square wiles, and, including the outlet,
not more than 7 square miles. Wangumbaug lake is a natural pond which has been raised by a dam. It can be
drawn down 18 feet from high-water line, and for 13 feet below that line has a large flowage; in the remaining &
feet its bottom shelves in rapidly. It depends largely upon springs in its bed for water, but the supply from all
sources is insufficient to meet the demands of manufacturing, and the reservoir has not been full since 1872, It
would admit of being raised still further than at present, but such a change would, of course, be useless, When
visited, in Augu%t, 1882, the lake was furnishing about 500 cubic feet per minute, and was drawn down to within
2 feet of low-water mark. By a deeree of court the maximum draught on this lake is limited, under a penalty of
fll({,OOO, to 720 cubic feet per minute, equivalent, at an efficiency of 70 per cent., to about 0.96 horse-power per foob

all. : .
_ The stream which runs down through the village of South Coventry is entirely dependent upon the lake for
its supply. It has a rapid descent of 250 feet, in the 2 miles of its course, from low water in the lake to the
Willimantic river, the fall being greatest toward the head. Its course lies through a narrow and beautiful valley,
In which there is a succession of manufacturing establishments of small to medium size. The fall is nearly all
Faken up, bat there iy one privilege of 12 feet fall nnimproved; there are also one of 12 feet and one of 18 feet,
Improved but unoceupied. . 7 197
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Waterprivileges on Wangumbaug outlet (in order from the-head).

Qceupled by Tl Fal ] Manufacture. Occupied by— Fall, Manufacture,
Feet. ’ Feet.
Vit cevnvr e rireraas 14 | Carringe-spokes. C. H, Kenyan & Co. .. 13 | Flannels (2 sets).
WOoOR veenuracenannnn 20 ! Shoddy.  fleeese 5 1 R, 26 | Flanmnels (5 sets).
Tracy -eveeceiiinenas 18 | Wool extract. PATKED ccveercnnnoens 12 | Privilege unoceupied.
Waghbore.......... 8 | Bilk, Eingshory «-coevannne 10 | Saw-mill and woed-working shop.
Morgan. ..eeeescuennn 14 0 Silk, Huntington........... 124 Silk.
Mason....vamvannnns 7 | Metallic cartridges. SIMPBON vnnvanennnnns 10-12 | Privilege unoccupied.
[€31117: 7 SR 30 | Woolons {7 sets). Rawitser Bros........ 18+4| Privilege unoccupied ; mill burned.
WoOold.neeierronenenns 30 ; Woolens {2 sets),
} |

The eight establishments from Tracy’s to Kenyon & Co/s lower mill use steam as auxiliary power in low
water. The time during which a full supply of water can be obtained varies so greatly .in different years that no
general statement as to its duration can be made. Kenyon & Co.’s experience for a single year was as follows:
in 1881, ran by water till September; then shut off water entirely till January, 1882 ; then had nearly enough water
all the time up to August. The ponds along the outlet are of no importance ; Kenyon’s pond is as large as any
but would not supply the mill more than two hours. Teaming has to be done befween the mills and the New
London Northern railroad at the mouth of the stream ; a spur track might, however, it is thought, be run up the
valley to the lower mills, and would thus diminish the length of haul. B :

Hop river joing the Willimantic from {he west 3 miles above the Natchaug. It has a drainage area of 50 square
wmiles at Andover, and a total of 75 square miles above its mouth, the area lying entirely in Tolland county. From
Hop River station to the mouth, some 3 miles, the immediate valley is rather flat, and the stream usually bordered
by a strip of meadow grass-land. TFarther back rise hills of good height, moderately timbered with a young growth.
The New York and New England railroad follows the river, and is frequently close beside it.

The stream itself is from 50 to 75 feet wide in its lower course, and consists of a succession of rather sluggish
pools joined by gravel shoals; in the pools the bed is muddy or sandy, and the adjoining banks are of the latter
nature and a few feet in height above low water. The river rises rapidly after rains, and then falls away more
gradually; the ordinary freshet-rise at Hop River station is perhaps 4 feet. Although from this point down the
benefit is received both of the Columbia and the Bolton reservoirs, previously described, the volume sinks very low
in the dry season. It is considered, however, that by raising the level of the Bolton reservoir the capacity of the
gtream could be substautially increased. . :

The Willimantic Linen Company owns 20 feet fall, extending up from the mouth, and holds it rather to protect
its own water-power interests at Willimantic than for actual development. The only factory on Hop river is that
of the Hop River Warp Company, William C. Jillson proprietor, about 3 miles from the mouth; 15 feet fall is nsed
there, and 75 horse-power, which can be realized about nine months in an average year; foi the rest of the time
not more than from one-half to three-quarters of that amount is obiained.

The Natchaug river—This stream unites with the Willimantic, to form the Shetucket, somewhat below the
borough of Willimantie, and below all the mill privileges there. Its sources are in the towns of Union and
Woodstock ; its basin includes an area of 171 square miles, lying mainly in the western part of Windham county.

Fall in the lower Natchaug river.
[Survey of 1825.]

Section of river, Distance. Fall,
Tods, Ft. in.
Top of Swift's dam to foot of falls below mill.. 22 17 8
Thenco down tho Mver..cveeeeneecueeeanen... 366 12 3
2 SR e 88 3 9
D0ttt ara e e ma e ean e eae 82 3 8
Thence to mouth of river-........cc.ocieu. ... 454 14 8 ¢

Total from top of Swift's dam to mouth.. 1,012 Bl 7

The Natchaug is used considerably for small manufacturing, but its resources have not been thoroughly
developed, and, as will be seen later, its reservoir capacity could be largely increased. One disadvantage to its
use for power is that it is not very conveniently reached Ly any line of railroad. Tt Tuns, in its lower course at
least, through a hilly country, well wooded, slightly cultivated, and sparsely settled. Its valley is comparatively

narrow, and is a succession of intervales, between which the hills approach close to the water, The meadows of

these intervales serve as grass-land of rather poor quality.
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The fall is moderate, and is mostly made up of shoals, commonly located in’the narrows between the
intervales, while through the latter the flow is sluggish. The bed is variously composed of ledge rock, loose rocks
or bowlders, gravel, mud, and sand, the two latter materials in the sluggish reaches. At Mansﬁeld Hollow the
gtream falls abruptly’over ledges of gneiss Tock, which has also been guarried in the banks and used in the
construction of a new mill. .

At North Windbham the Natchaug is 60 or 7 0 feet wide. The country which it drains seems to De well supplied
with springs, and water is readily obtained by wells; nevertheless the stream is at present very unsteady ; it
rises rapidly, and ab times a heavy rain will cause it to overflow the banks in twelve hours. Heavy freshets oceur
in spring, when the river submerges its banks and sometimes spreads out nearly a mile in width at favorable points,
covermg the valley from bill to hill. Cake-ice does not commonly cause much damage, still it is often thrown out
on the flats in large amounts, and in some places gorges and chokes up the stream.

Near the mouth of the Natehang the Willimantic Linen Company owns 10 feet of unimproved fall. The first
improved power in ascending the river is at Mansfield Hollow, and is occupied by the National Thread Company,
which takes skein thread from varions factories in Massachusetts and Rhode Island and puts it up ready for market,
Goods must be transported 4 miles by team to and from Willimantic, but this is not considered a serious
disadvantage, the expense of cartage being not more than 6 or 7 cents per hundred pounds. The river at this point
descends in a short distance 17 or 18 feet over rock ledges. At the head of the falls is a curved stone dam, forming
a small pond above which would not supply the mill more than three hours. The head actually used is 14 feet,
with 60 horse-power of wheels; this amount of power can be obtained throughout some years, while for two months
in others not more than half as much can be realized. In the summer of 1882 a fine new stone mill was erected,
three stories high, and measuring 155 by 52 feet in plan,

The nex? privilege is occupied by a small shoddy-mill at North Windham, baving a low dam and a few feet
fall. A short distance above, Messrs. E. H. Hall & Son have a mill at which they manufacture thread in skeins,
though they do not put it up for market. The dam rests on a rock ledge, and is a stone and c¢ement structure
with a roll-way 200 feet long. The pond is large, extending a mile up stream, with an estimated average width of '
300 feet. A fall of 11 feet is used, and a 60 horse-power wheel, soon to be replaced by one of 93 horse-power.
Sixty horse-power can generally be realized nearly all the year; for two months the whole flow of the stream can
be ponded at night, while for ten months there is a waste over the dam, and most of that time both night and day.

At Chaplin, 34 miles above North Windham, there are four dams, with power used by two saw- and grist-mills,
a paper-mill, and a pulp-mill. There are also several small mills.in Bastford, still farther up stream.

In the lower part of the rviver there is thought to remain not muech available fall, Two miles above North
Windham 25 feet could be secured, with a large storage, as will be seen later, and at Chaphn there is 15 feet
of fall ummpmved The power at these points may be estimated as below:

Estimate of power available near Chaplin.

Flow 1‘1er !
s sucondd
Stage of river. Dﬂ_‘;’;ge fvOrage Theoretical horse-power,
. for the 24

loura.

Sq. miles. | Cubic feet.} 1 foot jall. 15featfall. 25 feet fall,

Low water, dry year ...occeveveraao-. 15 L7 25 40
Low water, average year...coeeoo..i. 70-80 25 2.8 40 k{i;
Available 10 months, average year... 40 4.5 l k(] 110

.

Two reservoirs at present supply the Natchang in the dry season—Crystal lake and Bastford reservoir. The
former i a natural pond raised by a low dam, and is controlled by Kenyon Brothers, of Woodstock Valley ; it
containg 200 acres, and can be drawn down 7 feet. Rastford reservoir lows 200 acres, and can be drawn down 14
feet; it is owned by E. H. Hall & Son, of North Windham, and is sufficient to keep up the supply at their mill for
six or elght weeks in low water.

It is said that the reservoir ca,paclty of this river can be substantially increased, and in particular at the -
localities mentioned belows ; any improvements of this kind weuld benefit not only the Natchaug, but the entire

course of the Shetucket:
' (@) In the vicinity of Crystal lake a branch of the main river can be dammed and a large reservoir formed,
into which Crystal Lake outlet would empty. It is roughly estimated that the combined flowage of Crystal Iake )
and this new reservoir would be from 1 ,300 to 1,500 acres—certainly a large amount if realized—and that at least
6 inches of water could be assured at all times on Hall’s dam at North Windham,

(b) In the northwest part of Chaplin a reservoir of 200 acres could be secured. The combined expense of
constructing this and the one near Orystal lake, including flowage and dams, is placed at $30,000 or $40,000. '

(0) Two miles above North Windham, on the main river, at an expense of not over $2, 500 250 acres could be
flowed, with a maximum depth of 25 feet. .19
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OTHER TRIBUTARIES :JF THE SHETUCKET ABOVE THE QUINEBAUG.—Little river i.s a small stream Jjoining
the Shetucket from the left immediately below the Occum dam, and draining 41 square miles. Its only reservoirg
are those formed along its course by dams at which power is used, bug it is stated that there are good facilities for
storage in its upper waters ; at present it does not furnish much power except for a few months in the year.

" The first privilege, a short distance above the mouth, is owned by Mesm“s. L. M. Heery & Co., manufactarers
of cassimeres, worsteds, and suitings. They run 16 sets of cards and 5,640 spmd}es. Wheels are used at’ggregating
about 175 horse-power, with a fall of 15 or 16 feet ; these can be run af full capacity four or five months in the year,
but during the remainder steam is nsed as auxiliary power.

Half u mile above, the Reade Paper Company lhas a pulp-mill, with 12 feet fall and 7§ horse-power; and an
equal distance still farther'up stream a paper-mill, with 21 feet fall and 104 horse-power, During the severe drought
of August, 1882, there was being realized, at the upper privilege, 24 horse-power twenty-four hqurs in the day,
There are one or two woolen mills farther up stream, and 5 miles above the power last described the Reade
company owns and holds for sale an unoecupied privilege having a good stone dam, 14 feet fall, and two turbine
wheels.

THE QUINEBAUG RIVER.

This stream, the most important tributary of the Shetucket, may be said to have its origin in the town of
Brimfield, in southern Massachusetts, although it receives there a number of small brooks from adjoining towns,
Flowing southeasterly throngh the towns of Sturbridge, Southbridge, and Dudley, it enters Connecticut, and rans
southerly through the eastern part of Windham eounty ; passing into the northern part of New London county, it
Joins the Shetucket 3 miles above the mouth. It has a length of 49 miles below Southbridge, and a total length of
60 miles measured from the mouth of Mill brook, in the town of Brimfield, to its own mouth. Its drainage area
includes 725 square miles. Tor the fall on this river the only source of information is, again, the old survey which
has been referred to in connection with the Shetucket.

Fall in the lower Quinebaug river.

[Survey of 1825.]

Section of river. Distance. Tall. x ‘ Romarls,
Y B I [
Rods. Ft. In.

From top of Danielson’s old dam, 4 Teds above Killingly 1,448 52 11 Fall now improved by dams,

Brilg;.:o, to Picrce’s bridge, between Brooklyn and Plain-

eld,

Thence down stream to mouth of Packer-and-Lester or 2, 601 28 8 | Asnuearlyasmay be estimated, about 8 feet of this, next below Plerce's bridge, is

Varsum's brook, i taken' up by the Wauregan mill-privilege. With this assumption the fall

from the top of the Danielsonville dam, as claimed for the improved privileges,
amounts 10 about 2 feet moro than as shown by survey; possibly: due te
flash-hoards ov other increase in height of crest of the Danielsonville dam sinco
the time of the survey. Deducting 3 feet, thera remains 25 feet 8 inchos, con-
stituiing what is known as the * Packer” or *' Canterbury " privilege, which
is unimproved. :

Thenco down stream to mouth of Pachang viver.......... 1,922 26 8 | Unimproved. ’ :
Thence down stream to month of Morgan'sbrook......... 1,171 15 1 | The tall-race from Slater's mill on the Pachang is stated to take up 2 feet 4
) inches of this fall; the remainder is unimproved.
Thenes down stream to foot of Quingbang falls............ 088 388 8 | Unimproved. .
Thence down the Shetncket river to tide-water at Norwich 850 19 5 | Owned and improved by Norwich Water Power Company, which is also said
to claim 1 foot more fall. .

Total fall from top of Daniclson's dam te tide.water iﬁ 8, 580 180 7
the Shetucket,

@

* -

Although the descent of the river is moderate, amounting to less than 7 feet per mile for the distance
above mentioned, it is sufficient to earry off freshet waterg promptly and prevent serious hinderance to the mills .
from backwater. They all suffer slightly from a temporary reduction of head during freshets, but an extremely
high stage seldom lasts more than half a day, and only in rare cases renders necessary a stoppage of work; the
Monohansett will at Putnam has been shut down by backwater only once in ten years. The large number of
storage reservoirs and mill-ponds in the Quinebang basin holds back the water of storms and melting snows, and
very much modifies the violence of freshets. The ordinary freshet-rise where the river is running freely, below
the dams, throughout the length of the Quinebaug, does not exceed from 3 to 6 feet, and only in extraordinary cases
does it amount to 8 or 9 feet. At Wauregan the highest rise in four years previons to 1882 was 5% feet. = Steam is
in common use as auxiliary power daring periods of low water, at various points both on the Quinebaug and on its
tributaries. The necessity for this has not arisen from any inferiority in these streams as compared with streams
in general, nor does it seem to be due to a gradual failure of the water-courses from the cutting of timber, bub
rather to greater demands having been made than the low-water capacity of the streams was calenlated to meet.
Doubtless the natural dry-season flow, if that eould be determined, would be found less now than fifty years ago,
owing to the clearing of timber and the drainage of swamps; but that diminution is disguiséd and has been overcome

by the%%xtensive building of storage reservoirs, Although these improvements have been of great benefit in
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gustaining the streams, mill-owners have gone on adding to the machineryin their mills, and driving it all at greater

gpeed than formerly,
power.

until they have outstripped the capacity of their w&te?—privileges for furnishing constant

1t would be of interest to be able to give a complete list of all the storage reservoirs in the Quinebaug basin,

with their areas accurately determined, but the latter,at least, is impracticable ; many of the reservoirs are natural

ponds which have been raised and whose areas have not been measured.
either do not show many of them at all, or else represent them with areas very different from what
have. It has been necessary, therefore, to rely in many cases upon estimates of their size ; in doing so
has been sought—that of those owning or controlling the reservoirs and presumably familiar

rather old, and
they now
the best anthority

Sueh maps as could be obtained are

with their capacities. The following table presents the results of these inquiries ; it may berelied upon as including

all the more

[

important storage reservoirs tributary to the Quinebaug, and as giving the areas of most with tolerable

qeeuracy:
Principal storage reservoirs in the Quinebaug basin,
Namo. Loceality (town), A})pgﬁg{nﬂte Strenm supplied. Remarks.
Acres. )
Tachang reservoil. coeeeecaneannaoe Griswold, Conneeticut . 900-1, 000 Entirely artificial,
Tt POBA ceevnsvemmmnaavnaemoeens E:ﬁfgru part of Voluntown, Cenneeti- | 1,0600-1, 200 Aren estimated.
A1HNEE PONE waeeenyananewmsmmennns Northern part of Novth Stonington, 300 j...... (1 Y
Liltings pond Conneeticut.
................................ Plainficld, Connectieut. . ..oooveevenans 100 | Monsup river........ooee . Unnccu‘Iﬁied privi]e_lge ont Moosup river
R owueil by Aldrich, Milner, & Groy;
area estimated,
Mopsnp PORA ccvvenrurennneeannes Northenstern part of Tlainfield, Con- 600-700 |...... (10 Y, Area eslimated.
necticut,
ODEEOPODA vnvmmennnnrvnmmmsaninses Oneco, Conneeticnt .oocoeneevenana.n. 125 .| Unoceupied privilege.
Nashawang reservoir - ...| On Ql;inebnug, above Wauregan, Con- 75 Aren estimated roughly.
neetieut.
Ol Killingly pond cveemiveeeinnan Eastern part of Killingly, Conneclicut 200 | Whitestone brook ................ ‘Area estimated.
Edy reservolr..eem v coeeeeenaan Killingly, Connecticuti......... RN 60 {.anan 3 U Do.
Simmone’ 1eSeIVOIr L eenetineeiaa ] ee A0 eeieatvanes G5 |..-... L PO Area by survey.
Middle 1eservoir. cove v aceais cianuifiaenn [0 N 100 foennes 13 TR Axen estimated.
Bog Meadow reservoir......oeoveieenes 2 Do.
Wakefield pond....oovieanrannna- 1| Bastern part of Thompson, Connecti- e
Quaddicle pond ... ooioienininins 3y cut '
Kenel's T8EIVOIT .« o evnerreeevneens | iiiiiiue premcaememmeis cercnn anaan et
Alexander's pond. .o.ceeemnnnnn. Norﬂpveimm part of Killingly, Con- Aren measured on old state map.
necticut.
Woodstock pond. ....vveeeenannnan. Eanstornpart of Woodstoclk, Connecti- Do.
cut.
Hayden pond ' { 03
"""""""" 2 Small stream emptying into
Larned pond Eastern part of Dudley, Massachusetts 34 |\ Trenehriver andused forpower| p Arens by survey.
Peter PR .veveenerrreneneanens 44 || Dy the Stevens' Linen Works.
Merino pond..oveiviinrrinaen.s { 83
Chaubunagungamaug loke. ........ ‘Webster, Massachusetts. . .oooeeueenn. 1, 300
Robinson pond «.vvn cevnniienn o Oxford and Sutton, Magsachusetts. .. 100 .
$ACATAD TESBIVOIr ¢evrernvuranarnens Oxtord, Massachusebts. ..o cveeenene. 125 {.oneen |
Charlton or Granite reservoir...... Charlton, Massachnsetts.....o...o.... 240 Arens as givenby H, N, Slater, esq,,
Pierpont Meadow pond ............ Northeastern part of Dudley, Massa- 100 president Slater Woolen Gompnny.
chusetts.
Plattepond .....ocooviiaaiiin.s Charlton and Oxford, Massachusctis. . 125
Styles’ reservoir . ettt beranneen arnes taei et eaiarane 400 |
Burneoatpond ...l ‘Westorn part of Leicester, Massachu- 142 Arven by survey.
. setis,
Cedar Meadow pond «.evanrvnenn... Leicestor and Spencer, Massachusetts 168 f-enn-- QO ceemernianiivaranranasannan Do.
Mushapang pon‘tl ....... .| TUnion (northeastern part}, Connecticut; 295 | Upper Quincbaug viver-......
l‘T()llzm(l pond......... Holland, Massachusettts. «eeveneenan.. 5., RO e crearanaenaeaans Areas as stated by Hamilton Woolen
Cedarpond we.eennienniiininenn... Sturbridge, Massachusetts . .oooven.. 100 {oneenn B0 aeeererieemreeneraraanean Company, which controls the res-
Walker pond «.ooeenneieoivannnn |, 1 PPN 100 |.enn. QO wmeeee et e e aan CTVOITa.
RECE g T, O B U 40 [nne QO vemcaaneeanmesaa e aannan J
Big Alum pond wueeeeneernnnn.. .. Northwestern partof Sturbridge, Mas- 200 {cnnn. QO seenrmieccnrmmrneremriennas Aren by survey.
. sachusetts.
Little Alnm pond...vutyeuensenn. .. Ens’(t(irn part of Brimficld, Massaclu. 8 |eeennn dO vevmivernnand O e eenanrnnn, Do.
setts.
Longpond.co.oooveiruniinnnnnnn. Western part of Sturbridge, Massa- 139 loeeeen O ceeeeerennessrrannsenraaann Do.
chusetts, .
EL8 L A H U 8,443-9,843 |L.euiiiiii i

Total number of reservoirs in this lst,
thirty-nine. .
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It is safe to say that, in round numbers, there are now apout forty reservoir.s in tl}e basm. of the Quinebaug,
covering an aggregate surface of 9,000 or 10,000 acres, exclusive of the storage in ordlnary. mill-ponds ﬂ:lOl}g‘ the
streams where power is in constant use. Large as this development has becqme, there is yet opportunity for
considerable increase in storage, though mainly in the Jower basin. The areas drained by the Pachaung and -Moosup
still offer favorable sites for extensive reservoirs, but, so far as can be learned, they are the only sections that g
offer such sites. The Five-Mile River and Whitestone Brook basin.s seem to be tl}orqllghly developed a8 regards
storage. It is stated on good authority that there are no opportunities for substantial increase of reservoir capacity
about the headwaters of the main Quinebaug. As for French river, H. N. Slater, esq., of _VV@bStelt; a gentleman
probably more familiar than any other with the stream itself and the country it drains, is of opinion _t]mt the
aggregate capacity of the present reservoirs might be increased 10 or 15 per cent., but that any g?eater ncrense,
and especially the building of any more reservoirs, is out of the queshou-—tl{ey _Would not fill if built. ,

DESCRIPTION OF WATER-POWERS.—There is undoubtedly no other locality in extreme southern New Englangd
where there is 80 much well-sitnated and valuable water-power unimproved as within a dozen miles of Norwich,
The two privileges on the Shetncket Lelow Willimantie have already been _described, and now, taking up the
Quinebaug, there are four valuable undeveloped powers in suceession to be nohced as we ascend that stream, before
we meet a single one that is improved. Probably it is the very fact that they are large and valuable that hag
prevented their Leing taken up for manufactmring purposes. The tributaries of the Thames, and t?specially the
Quinebaug and its afflnents, have become established and of great importance as cotton-manufacturing, and, to a
less degree, as woolen-manufacturing streams. The development of the privileges alluded to would very likely he
for the former industry; but the improvement of such large powers for cotton manufacturing would imply the
outlay of a great amount of money, and it is only at cousiderable intervals that enterprises of such magnitude are
undertaken. Nevertheless, it is generally considered that it is the large powers which are most profitably improved,
and it is to such that the most attention seems now to be given in New England. It is probably only a question
of time as to the development of the fine water-privileges in the vicinity of Norwich; they are now in the hands of
wealthy parties who appreciate their value, and who are not disposed to sell except at favorable prices.

From the mouth of the Pachaug to tide-water in the Shetucket there is a fall of 72 feet 9 inches; of this, 2 feet
4 inches are taken up by the tail-race of John T, Slater’s mill on the Pachaug; the Norwich Water Power Company
covers 19 feet 5 inches, and claims another foot; there remain, then, 50 feet of available unimproved fall between
the top of the Greeneville dam and the foot of Slater’s tail-race. These 50 feet are divided between what are known
as the « Tunnel” and “Bunda Hill” privileges. The latter privilege is owned by the heirs of the late Robert G.
Shaw and by Messrs. A. Lockwood Danielson, J. De Forest Danielson, and A, D, Lockwood, the last named -
gentleman of Providence. The fall is stated to be about 15 feet. The Tunnel privilege is owned by the Shetucket
Manufacturing Company, of Norwich,and includes the remainder of the fall, amounting under the above assumptions
to 35 feet. Its name comes from the fact of the principal falls being near a short tunnel on the Norwich and
Worcester railroad. ,

Passing up the Quinebaug from the point where it joins the Shetncket, its width quickly contracts and rapids
begin. In the lower halfmile there is a descent of 10 feet, and from opposite the tunnel for 1,000 feet, more or
less, the river rushes down through a narrow rocky gorge. Along the west bank is the railroad, 25 or 30 feet
above the river, and supported by a heavy retaining-wall. The east bank rises with a steep rocky slope from the
water, the ascent becowing rather more gentle in the last few hundred feet above the river’s mouth. Immediately
above the tunnel the stream widens out and a continuous shoal stretches steadily up its course; the east bank now
rises more gradually than in the narrows, and appears much more favorable for canal and building improvements.
The general character of the stream and its banks then continues without great change up to Jewett City.

The Tunnel power might be improved either as a whole or by dividing it into two privileges. In either case it
would be impractieable to build a dam of sufficient height in the narrows, as it wonld cause overflow of the Norwich
and Worcester railroad during freshets. If the privilege were improved .in one fall, a dam would have to belocated
above the narrows and water brought down in a canal; if it were'divided, two dams would be required, one above
and the other below the narrows, A magnificent power could be obtained by combining in one the entire 50 feeb
of fall belonging to the Tunnel and Bunda Hill privileges; a dam would have to be located at some point up-stream,
and a long canal run down the east bank, A canal of much length would probably encounter considerable ledge
rock, especially at the narrows, but much of the material excavated could be used in building the mills. It is
coysidered by good judges that the development of the 50 feet fall in this manner would furnish power sufficient to
dm‘ve from 250,000 to 300,000 cotton spindles, according to the number of yarn spun, and if it were so utilized would
b}uld up a village of 5,000 or 6,000 jnhabitants, and add largely to the value of adjoining land. The mills and
village wopld need to be lpcated on the east side of the Quinebang; they would be within 3 miles of tide-water,
but the site has the present disadvantage of being without any railroad, the Norwiclr and Worcester road lying
acrosg the river,

ol No gaugings of the Quinebaug could be learned of, but the power at these privileges may be estimated a8
ollows :
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‘ @
Estimate of power at Tunnel and Bunda Hill privileges.

[Bunda Hill assumed at 15 feet, and Tunnel at 35 feet.]

TFlow per
second,

average Theoretical } - 8
o th§24 1008e-POWET,
hours. (@)

Drainage

Stage of river. aren,

‘ 8g.miles, | Cubie feet. | 1 foot fall. l 15 feet fall. | 35 feet fall. | 50 feet fall.
)

. Low water, ATY JEar - weceeeeomannan f 310 85,2 530 1,280 1,760
Tow Water, AVeTAZo AT «oalove raees JK 725 360 0.9 | 6w 1,430 2,050
Available 10 months, average year..... 1 455 517 780 1,810 2, 590

" @ Inlow stages of the river the flow could probably be doubled for twelve hours in the day.

Nore.—The rainfall on the basin of the Quinebaug is 11 inches in spring, 12 in summer, 11 in autumn, 11 in winter, and 48 for the year,

, The next power on the river is situated at Jewett City, a little way above the mouth of the Pachang. It is
commonly called the “Jewett City ” privilege, and’is owned by Mr. Charles Johnson, of Norwich. Inlocation and
convenience of development it is undoubtedly superior to any other nnimproved privilege on the Quinebaug or
Shetucket. Jewett City is an old established manufacturing village, with stores, churches, and schools, and
contains the extensive cotton-mills of Mr. John F. Slater and the Ashland Cotton Company, run by power from
the Pachaug. The Norwich and Worcester Railroad station is less than a quarter of a mile from the falls, and
the track runs within a few hundred feet of them. The falls are cansed by a chain of partly submerged rocks
extending across the river, over which there is an abrupt piteh of a couple of feet; rapids also extend for some
distance farther down stream. Above the falls there is smooth water, though apparently with a good current, .
the adjoining banks wooded and of moderate height. Within 150 feet of the falls the west bank becomes steep,
and is perhaps 50 feet high; it continues thus for several hundred feet, past the falls, and then becomes more
gentle, the hills receding. The cast bank has an easy slope all the way past and below the falls. Where these
occur the main channel of the river is probably not more than 100 feet wide; a low rocky island extends a short
distance up and down stream, and lies within a few feet of the west shore. Opposite the lower part of the island
there rises abruptly on the east shore a mass of ledge rock 10 or 12 feet high above the water, reaching 75 feet -
along the stream and 25 feet inshore. Inside of this ledge a rocky slope with a scanty covering of soil ascends
gradually, as if from the water’s edge. ‘

Mr. Johnson's privilege is stated to embrace an entire fall of about 234 feet. The natural plan of development
would De to construct a dam say 18 feet high at the crest of the falls, and carry a short race down the east bank,
where there is abundant building room, with the railroad close at hand. The site for the dam offers perfectly
secure foundations of solid rock; it is estimated that a substantial timber structure, 18 feet high and 300 feet long,
could be built for from $25,000 to $30,000. It would set the river back for 4 or 5 miles above, and provide a
pondage, as claimed, of about 500 acres. The privilege is rated as sufficient in power to drive 90,000 spindles, No.
30 yarn. My own estimate of the available power in different stages of river is shown below:

Hstimate of power at Jewett Oity privilege.

Tlow ]zlor
; EE
Stage of river. Drfmbxl‘:z]:%ge nvuragé Theoretical horse-power.
M bdad for tho 24
-| hours, (&)

Sg.miles. | Cubie feet. | 1 foot fall. | 18 feet fall 28§factfall.!%tfaetjall.(b)

Low water, ATy year...vecareeauenes. 1 240 27.8 490 040 720
Low water, average year .. .......... S 1] 200 2.9 590 770 860
Auwvailable 10 menths, average year. .. I 870 42,0 760 990 1,100

o In low stages of the river the flow could probably be doubled for twelve heurs in the day.
b Total unimproved fall in river from month of Varnum's brook to mouth of Pachaug,

The last of the nnimproved powers which have been alluded to as lying within the vieinity of Norwich is known
as the “Packer” and also as the «Canterbury” privilege. Itis situated between the towns of Plainflield and
Canterbury, extending from the mouth of Varnum’s brook to the tail-race of the Wauregan mill, and is variously .
stated to.include from about 26 to alittle over 30 feet fall; if we allow 3 feet below Pierce’s bridge to the Wauregan
Drivilege, there remains, according to the survey of 1825, 25 feet 8 inches of fall to the Canterbury privilege. Itis
B! good power, but much less favorably located than that at Jewett City, the railroad being farther away and there
being only a few scattered farm-houses near at hand. The present owners are Messrs. E. A. & Daniel Packer
and William A, Healy, the latter of Hartford. ; 208
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Estimate of power at Canterbury privilege.

TFlow rier
R socond "
. . Drainage | oo ot Theoreiical horse-
Stage uf river. rﬂr(l:]u.é av (ﬁ‘f:)gédr for power.
hours. ()

' Sq. miles. | Cubic feet. | 1 foot fall. !25.7feeijall.

Low water, dry yUar.coooeceecanirnns 1 f 225 25. 6 668
Low water, aveTago Feal. oo s an s 500 1 270 80.7 790
Available 10 months, average year. .. 340 38.6 990

« Tn low stages of the iver the fluw could probably be doubled for 12 hours in the day.

At Wauregan, 21 miles by railrond above Norwich, is met the first power in use on the Quinebaug river. It
is occupied by the Wauregan Mills, running 56,000 spindles in the manufacture of sheetings and faney cotton
goods, The dam was originally built in 1853, but was rebuilt in 1876, and its cost is stated at $27,000. The roll-way
is 350 feet long, and consists of a log crib-work filled in with loose stone. The logs are 5 or 6 feet apart, from center
to center, in both directions; two or three of the lower courses are set down into the river-bed, and all ave carefully
fastened together with iron pins. The ends of the logs are adzed to give flat bearings. Priming, or sheet-piling, is
driven into the river-bed at the foot of the front and back slopes and at the end of the apron, to prevent water from
working under the dam. The top of the strueture has a width of 4 feet, and is perhaps 16 feet above the river-bed.
The back slope has a base of 21 feet and the front slope a base of 11 feet, making the width at base of the main
portion of the duw 36 feet. The face and top are covered with 4-inch oak planking and the back slope is covered
with 3.inch chestuint,  An apron projects down-stream 23 feet from the foot of the front slope, and consists of 5-ineh
ouak planking, covered part of the distance with a less permanent layer of planking 2 inches thick ; this is designed to
receive the impact of overfalling ice, and when worn out can easily be renewed. The river-bed here is gravelly.

From the dam a canal, say 1,000 feet long, 50 feet wide, and 7 or 8 feet deep, conveys water to the mill, where
it is used under 17 feet head, with wheels of about 900 horse-
power, Tor a month or six weeks in the year there is a
shortage of water, during which an average of about 700 horse-
power is realized. The pondage issufficient to control the low.
water flow of the stream, and there is very little waste over the
dam in summer; during that season the pond is usnally drawn
down S or 10 inches through the day, and fills again at night.

Immediately succeeding this privilege, and distant 23 or 8
miles from Wauregan, is the upper privilege.owned by the
same company, It is called the ¢ Nashawaug power, and is
at present used only for storage purposes; it is held, however,
to meet the future needs of the company, and is in condition,
with completed dam and suitable gates, for use inmanufacturing
at any time. The fall covered by this privilege is 17 feet. The
dam has a roll-way of about 350 feet, and in cross-section and
general construction is a close copy of the one at Wauregan.
The width at base of the dam proper is about 874 feet, and the
crest is 16 or 17 feet above the upper surface of the apron; the
latter projects 20 feet from the front slope, instead of 23 feet as
at Wauregan., The abutment next the bulkhead is 174 feet
wide, at right angles to the stream, and is of granite masonry.
The bulkhead is built of granite ashlars backed with rubble
in cement, and has a Jength in the clear, between the abutment

e f Mo Waneeen 1. - - of the dam and the shore-wall, of 88 feet. In this distance

e & —Now W nc;‘é;ﬁ:Elgulxléltr(glcg«l;;Q uinebang river, there are seven arched openings, each 10 feet in width, and

. . separated Ly piers 3 feet thick; the two openings next the

river connect with a covered waste-way, the third is to supply a turbine for operating the gates, and the remaining

four are for the purpose of admitting water to the canal. The Nashawaug power is a fine one, and the dam and
connecting works have certainly been built in a very substantial mauner.{a)

The next power is at Daniclsonville, & thriving borough of about 3,100 inhabitants, 27 miles by river and
abo&_}fs the same Ly railvoad from Norivich., Cotton manufacturing is carried on here both on the Quinebaug and
on Five-Mile river. On the former stream the Quinebang Company has a fall of 24 feet, and uses a total of 935 horse-
power at two mills; the wheel capacity, however, is stated at probably 1,200 horse-power, being large enough to

2a0 41)1':1.w1ngs of the dam and bulkhead were kindly furnished by Messrs. Thompson and Nagle, engineers, of Providence.
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jnsare power during a reduction of head by high water. This privilege receives the benefit of the water used from
Five-Mile river by the Danielsonville Cotton Company, whose tail-race discharges above the Quinebaug Company’s
dam. The latter company experiences considerable trouble in winter from anchor-ice.  Its canal is 600 or §00 feet
long, rather shallow, and has a stony bottom. During the winter season a man is sometimes required for two or
three hours every morning, for a period of three or four weeks at a time, to rake the ice away from the racks at the
entrances to the flumes. The difficulty disappears as soon as the water-surface becomes solidly frozen over. The
Quinebang Company manufactures cotton sheetings and runs 51,500 spindles. The supply of water is sufficient
during all but about two weeks in the year. In the summer of 1882 steam was being introduced into the old mill
for anxiliary power in low water; this mill stands intermediate on the line of the canal, and has but 14 feet head.

Three and one-half miles, by river, above Danielsonville, the Williamsville Manufacturing Company, ronning
550 looms in the manufacture of cotton goods, uses a fall of 94 feet. This company also owns an unimproved privilege,
perhaps a mile and a half above, which was used by a saw-mill many years ago, and some of the timbers of the old
dam are still visible. The fall belonging to this privilege was not ascertained.

The next manufacturing place is I'utnam, one of the most important points on the QRuinebaug, and located at
the junction of the Norwich and Worcester () and main line of the New York and New En gland railroads. There
are three fine powers here, all largely used. The lowest in order covers a fall of 32 feet 10 inches. It was originally
owned entirely by Thomas Harris, of Providence. Mr. Harris has sold one-half the privilege to the Putnam Woolen
Company, one-guarter has heen leased to the Monohansett
Company, and one-quarter still remains available for other
manufacturing, A three-story wooden building, 104 by 54
feet in plan, provided with a 164 horse-power wheel, and
adapted to manufacturing purposes, has been erected but not
yet occupied, and Mr, Harris is prepared to put up other
suitable bnildings for those wishing to obtain power.

The dam at this privilege is largely natural, consisting
of huge ledges which almost choke np the stream, and which
are connected by short lengths of framed work, Onthewest
bank are the large mills of the Putnam Woolen Company,
while on the east bank a race probably 1,000 feet or more
in length conveys water to the mill of the Monohansett Com-
pany, manufacturers of cotton goods. The entire privilege
is estimated at about 800 effective horse-power in ordinary
low water. It is dependent iu the dry season upon the run--
ning of the mills above, as the pondage here amounts to but
a few acres. ‘ ; '

The middle privilege at Putnam includes 18 feet fall, of
which only 16} feet has been developed. The damis a stone
and cement structure, with a roll-way 157 feet long, 18 feet o = o
high, 22 feet wide at base and 8 feet at top; it was built in FiG. 10.—Falls in the Quinebaug river at Putnam.
1861, at a cost of about $10,000. Power is used on the east
side by the Nightingale mills, cotton goods, 13,000 spindles, 160 horse-power, and on the west side by the Morse
mills, cotton-goods, 13,000 spindles, 160 horse-power.

The npper privilege at Putnam is oceupied en the east side by the Powhatan mills, ranning 20,000 spindles on
cotton goods, with 154 feet head aud 200 horse-power ; on the opposite side is the Putnam Manufacturing Company,
cotton goods, with the same head and about the same power. Each concern owns one-half the privilege, The dam
is built of stone in cement, with roll-way 115 feet long aud 10 feet high; in the face are two arched openings with
gates for drawing down the pond. The mills are able to run at full capacity by water about eight months in the -
year, aud from two-thirds to three-quarters capacity the remainder of the time, (1111'irlg which they usc steam in
addition to water. The pondage above the dam is small, and water wastes at night nearly all ihe year. The
large amount of water used at Southbridge reaches this privilege in the middle of the day, and, there being but
small storage facilities here, continnes to waste over the dam much of the night. It is thought that upon the
completion of the new reservoir at Mechaniesville this water will be saved and the power at Putnam substantially
inereased. The experience with anchor-ice at this point is worth noticing. The Powhatan mill receives water from
the poud directly into its flume, while the Putnam company often draws through an old race; the former mill
suffers little or none from ice, but the latter is much hindered and requires considerable labor in clearing its race.

Slackwater from the privilege just described extends to a small place called Reedville, a short distance above
the mouth of French river. Here Messrs. Sayles & Washburn, who already have a mill at the mouth of French
river, on the latter stream, have recently constructed a dam which will pond a large surface of water, roughly

——

@ Leased to the New York and New England railroad, and denominated by it the “ Norwicl division™ 905



36 WATER-POWER OF THE UNITED STATES.

estimated at 450 acres; this privilege has been developed for their own use, and will probably be employed to
furnish power to a new mill, The pond will be connected by a cross-cub with the pond above their dam on French
river, and the two privileges can thus be operated so as to be of mutual assistance.

At the site of the new dam the river-bed is gravel, with some guicksand. The dam was carried down 3 or 4
feet below the surface of the apron into the river-bed, and protected by sheet-piling in the usual manner.  The
roll way is 200 feet long, rises 15 feet above the apron, is 4 feet wide on top, 30 feet wide at the base, and has front
and back slopes of 20 feet each. The back slope is covered with 24-inch, the top with 4-inch, and the face with
3.inch chestnut planking. In interior coustruction the dam is a log crib-work filled with stone. An apron projects
16 feet beyond the foot of the dam, and has a permanent covering of 4-inch chestnut plank, over which is g
temporary layer of 2-ineh white-oak plank, easily renewed when worn out, From the roll-way there extends g
gravel embankment 900 feet long, about 20 feet high, 60 feet wide at the base and 24 feet at the top, the inner slope
of which will be riprapped. At the farther end of the embankment is the bulkhead, with gates opening into the
race. -

Above the mouth of French river the Quinebaug has considerably less water than below, but still furnishes
important powers, which are used at numerous points. I shall not describe them in detail, but more or less
information regarding them may be obtained from the following tables

Utilized powers on the upper Quinebang river.

[It.ecdville to Southbridge (in order, ascending the river).]

. Horse-
Locality (town), Ocenpicd by— Fall. power of Remarks,
wheels.

Feet.
Now Boston, Connecticut,.oowuaoo - G. T, Murdock & Son .. 9% 100-110 | Woolen goods, 5 sets of cards. Waternearly always wasting on dam,

Dudley, Massachusetts ooovanenn., B 8 S taven8e. e rcerananroneanan- 12 110 | Manufactures gunony-cloth. Small power also used by a l-rum
. ist-mill. Stonedam; roll-way, 280 feet long; pondage, 4045 acres,
r. Stevens owns 0 feet of fall below his privilege,

‘West Dudley, Massnchusetts ........ Warren Paper Mill ..coooooooo. 124 112 | Small ]fower also used by Wells’ grist-mill, Perhaps 50 horse-power
surplus for rental.
Saundersdule, Massachusetts ........ Southbridge Print Works......... 143 285
Southbridge, Massachusetts vau...... Colambia Milla .. .ooooeenaennna.. Print-cloths. Not running.
27 TN .| American Qptical Works .
DO.urrercacancrooarcscssnarennns Central Mills Cowpany . .......... H Cotton goods, 11,000 spindles. No lack of water; always wasate over
dam af night, Two falls of 15 and 22 feet, respectively.
B 3T Y, Hamilton Woolen Company ...... 54 800 ; Manafactures cotton goods, cassimeres, and worsted dress goods.

[ Steam used in addition to water. Privileges improved by stone

dams, with gravel backing, and priming above and below. Power
f taken from three falls of 14, 26, and 14 feet, respectively. About
“ 650 horse-power actunlly used.

Southbridge, at which, as may be seen from the table, several important concerns are located, is a beautiful
village and of considerable size; it is built upon hilly ground, with fine streets, and with the usual advantages of a
prosperous and established manufacturing village. It has but one railroad, and at times freights have been so
high that the Hamilton Woolen Company shipped by team to Charlton, on the Boston and Albany railroad; at

_ present, however, rates on staple articles, such as cotton and wool, are claimed to be as favorable as those enjoyed
by Lawrence or Lowell. : ’

The Hamilton company owns five reservoirs, supplying the river above Southbridge ; they contain an aggregate
area of over 900 acres, and usually fill. The Fiskdale Mills, situated above on the stream in the town of Sturbridge,
also own three reservoirs, known as Big Alum, Little Alum, and Long ponds; these have a combined flowage of
about 412 acres and a storage capacity of 200,000,000 cubic feet.

The country along the Quinebaug from Reedville to Southbridge is hilly and moderately timbered. There is
in this distance unimproved fall belonging to the various farmers whose land adjoins the stream; no data could
be obtained showing the total amount of this fall, but several privileges were learned of, as follows:

1. Immediately below E. 5. Stevens’ privilege (which is really situated just above the Massachusetts line, though
the post-oftice is Quinebaug, Connecticut). That gentleman owns 6 feet of fall, and there is estimated to be several
feet more thence to Murdock’s privilege; altogether there may be 10 feet.

2. Between Steveny' privilege and that at"'West Dudley there is 18 feet 4 inches of unimproved fall; of this
Mr. Stevens owns 8 feet, and holds it for future use in connection with his business, leaving say 10 feet available for
other mannfacturing. : '

3. Between West Dudley and Saundersdale there is 9 feet 7 inches of unimproved fall, owned by Mr. Charles
Wells, of the former place. A dam could be built near the foot of this privilege, convenient to the railroad, and
would flow about 9 acres.

4 and 5. At Southbridge the Hamilton Woolen Company owns two undeveloped falls, one of 13 and the other
of 30 teet. _

Té})% power at these several privileges may be estimated as in the accompanying table:
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Istimate of power at unimproved privileges between Reedwille and Southbridge.

THEO#ETICAL HORSE-POWER. (@} ’ ’
: Drainage T
Locality. Fall, T
area. Low water, on
Low water, 'l months,
dry year, | ¥ %’“EO average
\ Year
|
Sq. miles. ! Feet. ;
SOULEYTIAZE 2 aemaevneaemcenevenmannn, we |8 3¢ 150 ( 170 "00
v 13 0% %
‘ Between West Dudley and Qaundexsd'\le ............ 9.6 60 i 70
Below West Dudloy oooouennaaaniiinicdoniai s, 10 U 75 95
| Below E. 8, Stevens’ privilege...eceaon.. 145 10 75 \ ] 100
I ! e i

« Based on avernge flow for the twenty-fourhours. The power could probably be doubled for twelve hours in 1ow stages.

TRIBUTARIES OF THE QUINEBAUG RIVER.

Puchaug river.—This properly has its source in four small head-streams which unite n short distance above
the village of Voluntown, in the southeastern corner of Windham county, Connecticut. The river then pursues
an irregular course to the westward, passing across the town of Griswold, and joins the Quinebaug at Jewett City.
It drains 59 square miles, and toward the mouth, where running freely, does pot measare probably more than §0
feet across. The valley is wide, and though there are many steep slopes, yet in the vicinity of the Pachaug reservoir
there is, on the whole, a gradual rise in nearly every direction to the summits of distant high hills. The country
is moderately wooded, the proportion of timber increasing away from the Quinebaug and toward the summits of
the hills.” The covering of soil is thin, and rock ledges and drift bowlders crop out.in all directions. There is
comparatively little cultivation, and that chiefly in corn, potatoes, rye, oats, and buckwheat.

The powers, in order, ascending the stream, are as follows:

1. Near the mouth are John F. Slater’s mills, running 20,000 spindles in the manufacture of denims, ticks,
and other goods. The privilege embraces a total fall of 374 feet, used in two falls of 15 and 22} feet, respectively;
400 horse-power is employed at these mills, and a small grist-mill is also supplied by a side-eut from the upper
fall. :
2, The Ashland Cotton Company uses a fall of 18 feet 9 inches, and 275 horse-power. It has two mills, one
an extremely large and fine strueture, and runs about 25,000 spindles; during 1881 and 1882 it increased the
capacity of its mills 30 per cent. The dam was built in 1858, and was recently raised a foot it is 75 feet long, 19
feet high, and secures a pondage above of 100 acres.

3. At Hopeville, a couple of miles above the mouth, there is o dam giving 14 feet fall, and surveys have been
made with reference to raising it 7 feet, and thus forming a pond extending back nearly to the foot of the Pachang
Reservoir dam. The Ashland company owns this privilege, and formerly had mills here, which were burned; it
intends to erect new mills, however, and to use the power. .

4. At Pachaug Reservoir dam there is a fall of 12 or 13 feet not in use. This, and in fact all the fall on the
stream below, down to Slater’s mills, belongs to the Ashland company, which also owns the adjoining Ifmd in that
distance.

A summary may be given of the above and the remaining powers on this river, as in the following table:

Water-privileges on the Pachaug river (in order from the mouth.)

Horse-
Geceupied by— Fall. power Remarks.
utilized.
Feet.
John I, SIater.e.eeeeenrvermenveions 37} 400 | Two fallg, 15 and 224 fect.
Asghland Cotton Company 18% 275 .
DO e -7 S Power not psed. Dam gives 14 feet fall, but
can be raised 7 feet, Located at Hopeville,
Doovevrnnnonn, rememenannns JRUTI 1218 feaeienninnn Pachaug Reservoir dam. Power not used:
Glasgow Yarn Company.. X S PR
L. W. Caxroll.c.veernvinnn.s cees 183 175 Cotton prints.
Ira G- Briggs & Co 15 . 100
29 s0l| Bricgs & Co. manufacturs iwilled cotton
- goods and yarns, and run atotal of about
11 70 15,600 spindles at all the privileges.
15 100 }

Above Briggs & Co.s upper dam there is a pond of 40 or 50 acres. - There have been specified all the powers
on the Pachaug up to this point. Everything is in use except.at Hopeville and at Pachaug reservoir, and those
mriwilamas Tainm mannwend he #ha Achland comnany, are not open for general manufacturing. Above Vozlqlntown,
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on the small streams which have been alluded to as making up the main river, there. are §0me small saw-mills, bug
the powers cannot be considered as having much value. The fall of these streams 1s said to be small, and even if
reservoired as hereafter described, the reservoirs would be in their lower courses, leaving little fall below.

The most interesting feature of the Pachaug is its reservoir development. Although the stream has considerablg
fall, there are occasional wide stretches along its course of low marshy ground which have given opportunity for a
large flowage. Aside from the regular mill-privileges, the principal of which have been mentioned, there are at the
present the following reservoirs on the stream: ;

Pachaug reservoir is entirely artificial, and contains from 900 to 1,000 acres, according to the stage of wate,
1t is formed by an embankment and dam having a combined length of about 600 feet. The overflow is 80 feet long,
and is a framed timber structure, with a partial filling of loose stone, masonry abutments, and an apron, This
reservoir can be drawn down 124 feet, and gives a large storage’; it is owned by the Ashland company.

Billings Pond reservoir, covering say 100 acres, lies among the hills, is fed almost entirely by springs, and
empties by a small side streamn into the upper part of Pachaug reservoir; it also is owned by the Ashlang
company. Mr.J. Q. Sweet, superintendent of the company, who furnished mueh information regarding the Pachaug,
mentions an interesting fact about this reservoir. He states that all evidence has shown that by maintaining
it full its total yield is diminished, and explains it by supposing that when full the great pressure of the water forces
the springs to seek outlets in some direction other than into the reservoir, The pond is therefore drawn down
early in the season, and the gates are then left open, so that the natural flow of the stream goes on.

Beach poud, in the upper waters of one of the four head-streams, is estimated to contain from 1,000 to 1,200
aeres, and is a natoral lake which Itas been raised by a dam some 300 feet long, at the outlet. If is very deep, and
though it can be drawn down 12 feet there then remains a depth of 50 feet in portions. This reservoir is controlled
by Messrs. Ira G, Briggs & Co.

The eftect of these Iarge reservoirs is to render the stream very steady. Neither the Ashland nor Slater’s mills
have been foreed to step more than a day and a half in sixteen years from lack of water, but, as previously stated,
the eapacity of the former mills having recently been increased 30 per cent., there is some question as to whether
they may not now run short at times. The river is also freed from the effects of heavy freshets. In the lower
course there is a freshet depth on the Ashland dam of only about 18 inches, whereas, before the stream was so well
reservoired, it amounuted to many feet. About the year 1862 the dam at Beach pond gave way, and a large volume
of water eame pouring down stream; but striking into the marshes where the Pachaung reservoir now is, it spread
out and caused no harm at Jewett City, neither was there much of a rise there.

The Ashland company practices great economy in the use of the stored water which it controls, It is connected
by telephone with the house of the gate-keeper at Pachaug reservoir, and is thus enabled to regulate the flow very
carefully, The gates are opened in the morning some hours before the time for starting the mills, in order that the
witer may have time to reach them, and are closed gome hours before the mills shut down, The water is thus
maintained just even with the top of the dam at Jewett City, without allowing waste over its crest,

Though the Pachang is already so well reservoired, there is yet opportunity eonsiderably to inerease its capacity
in this respect. DMessrs. Ira G. Briggs & Co. state that shortly above their npper privilege at Voluntown, hetween
it and Beach pond, there is a chance to flow 1,000 acres by a dam 10 feet high. On the remaining three streams
which go fo make up the Pachang at this point, storage rescrvoirs of fair size ean be constructed on their lower
courses, the land being rather low and marshy. Oun one of these streams a sarvey has shown that o dam 20 feet
high would flow 150 acres to an average depth of 10 feet, and Mr. Briggs is of opinion that about the same flowage
would be obtained on the other two. The dam at Hopeville, also, if raised 7 feet, would_ give a largely increased
storage there. .

Moosup river.—This stream has its souree in the town of Foster, Rhode Island, 2 or 3 miles east of the
Connecticut boundary. It rons southerly and then westerly, passing throngh the towns of Foster and Coventry,
Rhode Island, and the towns of Sterling and Plainfield, Connecticut; its total léngth is about 18 miles, and its
drainage area 83 square miles. Its valley is not unlike that of the Pachang, but perhaps shows less outcropping
rock. The hills are high and frequently steep, but they appear, as a rale, to have long slopes. The country has
little value for agriculture, and has been mainly ¢leared of timber, except toward the summits of the high hills or
away from the more immediate valley of the Quinebaug. The soil is described as rather shallow, but underlaid
nearly everywhere by clay, so that water is easily obtained in wells both on the hills and in the valleys. The water-
shed is quite extensive, and the hill-slopes are sufficiently inclined so that water from rains drains rapidly into the
streamn and raises it, after which it quickly subsides. The greatest height is usually reached about twelve hours
after a storm, the freshet rise in the lower course amounting to about 6 feet below the dams. No difficulty is
experienced on this river from anchor-ice ; enke-ice sometimes piles up on the flats, and even to some extent chokes
up the stream, but no serious trouble ensues. In its lower course the Moosup is from 75 to 100 feet wide. Its
bed is mainly drift, gravel, and small bowlders. The banks are irregular and poorly defined, sometimes rising
abraptly from the stream, aud again low, with a gradual ascent,

. .The pr.in cipal reservoir supplying this stream is Moosup pond, a natural lake raised by a low embankment. It
lies 1rg‘x)ge(11ately surrounded by hills of moderate height, and empties by a small outlet into Snake Meadow brook,
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and thenee into the Moosup; it is distant a half or three-quarters of a mile, in a direct line, from the latter stream,
and is a fine reservoir. The surface is estimated at 600 or 700 acres, which is perhaps too high, and the pond can
pe drawn down 6% fect. Messrs. Aldrich & Milner control this reservoir, but if they have oceasion to shut down
their mill on the Moosup they are under obligations, for the benefit of the Aldrich & Gray mill below, 5o to manage
the reservoir as to maintain the same flow as before.

Above the stone dam at Almyville there is a pond estimated to contain 100 acres, and at Oneco one of 125
acres ; these are at privileges available for manufacturing, but not in use, and at present serve only for storage.

The amount of storage ou the stream can yet be very largely increased. Aldrieh & Milner intend to raise the
stone dam at their reservoir (Almyville), and will thereby increase its flowage, as they estimate, by 250 or 300 acres.
Thenece to Greene the valley is regarded as favorable for storage, and toward the headwaters, in Rhode Island, the
facilities are still better; there is much low land in that section, having little value, which might easily be
gowed, The amount of storage thus available in that locality is variously stated at from 1,000 to 8,000 aceres, but
is large at all events. _

There have been numerons changes in the firms manufacturing on this river, and many of the present concerns
are new-comers. The mills are of fair size, and are in many cases built of stone, which is claimed to be cheaper here
than brick for building, Nearly all have engines for nse in low water. The stream is said to have decreased in
value of late years. The only explanation given of this was, that a number of small privileges on the upper
course, previously used for saw and other small mills, had been abandoned; these had formerly stored considerable
water above their dams, but the latter had gone to rnin, and, the storage being Iost, the stream hecame more unsteady.

Water-privileges in use on the Moosup viver (in order from the mouth).

Oceupied by— Fall. H‘gf&gg(‘f r : Remurks.
© Feet. :
........................................ [ 160 (%) | Henry Cutler owns one-hulf the privilege and E. N. Tourtelotte onc-half. Log dam, 120 fect long.

Power uged by several small establishments, comprising a wick.mill, twine.mil}, gmat -mill, sav-
mill, and carpenter’s shop.

........................................ 4 35 (1) | Log dam, about 100 feet long. Power owned by J. P. Kingaley, of Canterbury, and leased to a
. small gmst -mill and earriage-shap.
Kirk Millg.covioivmmmiiieinianans 14 125 Plain cotton goods. Old and cheap log dam. Short of water three or four weeks in sgome years.
DO oeriiriiiiecrene e eeareaana, 9% 90 | Fancy cotton goods.
Aldrich & Grag..oeeseeennn. PO 21 200 - Print-goods ; 9,000 spindles.
Flogd Krangky ..cooocoenenvnnns enien T2 50 Thread-mill
Aldrich & Milner...c.eeeriicrnereansnn 21 200 Fancy cassimeres; 12 sets of curds.

These mills ali lie between the mounth and Almyville, a distance of 4 or 5 miles. Above, at Sterling, there is
a small mill manufacturing colored nmbrella cloth and cotton goods; there are also said to be a few saw-mills
above Oneco, but no important powers are in operation.

There are several falls on the stream not in use. The lowest of these in order is below Canada City, near the
mouth, amounts to 9 feet, and is owned by Mr. Henry Tripp, of Central Village. Judging from the powers at the
other mills, this privilege should bLe reliable for 80 effective horse-power ten mounths in the year.

Immediately below their mill Messrs. Aldrich & Gray own 17 feet of nnimproved fall, equivalent, on the same
basis as above, to about 150 horse-power.

At the Almyville stone dam, Messrs. Aldrich, Milner & Gray hold for sale a fine unoceupied prlvﬂegc It is
close beside the Providence le]Slon of the New York and New England railroad, which follows up the valley of the .
Moosup river nearly to Greene, Rhode Island, and has good building stone and sand cloge at hand. The dam is of
horseshoe shape, 18 feet high, and constructed of stone; the face déscends by a series of offsets, or steps. Ou the
right bank the dam abuts against a rock ledge; on the-left it is supplemented by a short embankment faced on
the sides with stone. It was reported that within a year, during a freshet, water had forced its way across the
shove end of this embankment, but that prompt action had prevented serious harm being done. Above the dam is
a long narrow pond estimated to contain 100 acres; the owners design raising the dam 3 or 4 feet, and thereby
- Increasing the flowage by 260 or 300 acres.

At Oneco, in the eastern part of the town of Sterling, there is a good privilege, formerly occupied by the Oneco
\hnufactuung Compauny, cotton goods, using 18 feet head and 100 horse-power. The dam is of wood, 100 feet long
and 12 feet hi gh, and creates a pond of 125 acres.

Five-Mile river tises in the town of Douglas, Massachusetts, runs southerly through the towns of Thompson, .
Putnawm, and Killingly, Connecticut, and empties into the Quinebaug at Danielsonville. Its length by general
course iy about 19 miles, and its dramage area 77 square mlles Its principal braneh is Whitestone—also called
Whetstone——brook which will be separately deseribed.

The valley of I‘We Mile river is in general rather wide and flat. The stream itself is 30 or 40 feet wide in
its lower course, and runs over a bed covered with stones. It is supplied from reservoirs and has a very steady

flow; there are no freshets in it of consequence, it is free from anchor-ice, and surface-ice never goes over the
1012 w p—voL 16——14 209
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dams, but melts away in the ponds, This streamhas been developed to about its .fu_ll capacitbt. ‘With one exception,
no available nnimproved fall below Quaddick reservoir could be learned of, and it is also ¢laimed that t?e reservoir
storage cannot be further increased unless at nnreasonably heavy expense, o

There are now three principal storage reservoirs in this basin, Wakefleld pond lies in the east.ern part of the
town of Thompson and drains into Quaddick pond, which is immediately below it ;'tlle two are estxma’cml to cover
1,500 acres. Quaddick pond can be drawn down 11 feet. Both are natural lakes raised by dams.  They are owned,
three-guarters by the Attawangan Company and one-quarter by Sabin L. Bayles. ‘Th.ey are filled mainly by the
melting snows and rains of spring, and the mills commonly begin to draw npon them in July. Keacll’s Teservoir
in of good size, but its arca could not be ascertained. It empties by a side stremn_]_)etweeu Quaddick pond and the
Attawaugan Company’s upper privilege, and is owned jointly by several of the Irxllls.

Water-privileges on Five-Mile river helow Quaddick reservoir (in order Jrom the mouth).

| 11 Domer Remarks,
cupied by— i Fall POWED Jemarks.
Oocupled by i utilized.
? Feet,
rmill . ! 12 5075 Hns no separate dam.  Obtains b feet tall from the tail.
Quinsbang grist-mill | o race of tI e Danielsonville Cotten Company, and 7 feet
! at the Quinebaug Company's dam adjucent on the
} _ Quincbang. 7
...... 24 360 Mapnfactures cotton sheetings; 17,000 spindles. Stone
Daulelsonville Cotton Compuny 3 ﬁﬁm about 110 feet long. Can store the night-flow of
| the stream abount half the year,
. L, 1es & COvennrneinennannacns 19 200 Located at Dayville. Mannfaciure fancy .cassimeres.
8. L. Bagles & Co i Ordinarily have sufiicient water throughout the year.
........................................ ‘ 8-10 amers vesse. | Small saw-mill.
Attawangan Company (&) vevvre.nnn- | 30 236 Stone dam 23 feet high, 120 feet Jong.
O, ! 26 220 Stone dam; 20-nere pond.
b 1 O Do.
L S Owned by Sabin L. Sayles, but unoccupied. Has agood
[ stone dam and long narrow émnd, and is less than half
amile from the Attawanugan Company’s upper privilege.
12 40 In use by twine-mill at ouilet of Quaddick reservoir.

o This company manufactures plain cotton goods, One mill weaves, and the other two mills bave together 87,000 spindles.

Whitestone brook is a little stream, not over 4 miles long measuring from the reservoir at its head, It runs
westerly across the town of Killingly, and drains 19 square miles. The bed is gravelly and rocky; the fall is
slight in the middle course, but large toward the mouth, and especially so in the upper waters, where the valley
is narrow and hemmed in by high hills, The dams are short and usually built of stone. In the summer of 1882
eleven privileges were in use, the manufacturing at which was corfined to cotton goods and fancy cassimeres. The
falls weve large, ranging in several cases from 20 to 40 feet; there was also one fall of 14 feetl oceupied by a cotton-
mill not running ; and one of 38 feet, near the head of the stream, entirely unimproved,

This brook is considered a fair milling stream. Its flow is well sustained, but is not sufficient to carry the
mills through the year, and nearly or quite all of them use steam in low water. The reservoirs are all at the
head of the stream, and are as follows: Old Xillingly pond, the largest, is a natural lake raised by a dam. When
drawn down all that is practicable, 15 feet below full-water line, a large amount of water still remains in the
natural basin. The pond is fed by springs, but receives very few brooks; it partially fills in spring from rains
and melting snows, but has not been full in ten years. If full, this pond alone, it is said, would carry the mills
on the brook for three months. It is practicable, and the plan has been discussed, to drain the surplus waters of
the upper course of Five-Mile river into this pond. No injury would be done to that river, the reservoir wounld be
filled, and the power of Whitestone brook very much increased.

There are four other reservoirs, known as Edy, Simmons, Middle, and Bog Meadow ; they can be drawn dawn
from 8 to 12 feet each, and flow an aggregate area estimated at 255 acres. They are entirely artificial, and have
been built at considerable expense,

All of the five reservoirs which have been mentioned drain into a pond just abdve Ross’ mill, the highest on the
stream aud located nearly at the top of Chestnut hill. They all, with the exception of Old Killingly pond, fill
regularly in spring, and the mills ecommonly begin to draw upon them in May. All are owned by a reservoir
company, in which most of the mill-owners on the stream are shareholders.

Irench river~—This stream, the most important tributary of the Quinebaug, rises in the towns of Leicester
and Spencer, Worcester county, Massachusetts, It flows southerly, with an extreme length of 25 or 30 miles, and
joins the main river in the town of Thompson, Connecticut, Its drainage basin includes 115 square miles. In the
upper waters are numerous artificial storage reservoirs, of which the principal ones are as follows: :

1. Chaubunagungamang lake is a splendid sheet of water Iying east of the village of Webster. It has a
very irregular outline, measuring 17 miles in cireuit, contains 1 ,300 acres, drains 9 square miles, and can be drawn
down 4 feet from full-water line. The aggregate draught upon it in an average year is estimated equivalent to &
depth of [}0 or 11 feet. This lake is supplied by many springs, and also has three brook feeders.

21
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9, Robingon pond lies in the towns of Oxford and Sutton, and drains into French river some 4 miles above -
Webster, Itis artificial, contains 100 acres, can be drawn down 4 feet, and is controlled by a small mill on the
sutlet. i

3. Qaearap reservoir is artificial, and lies in the town of Oxford. It contains 125 acres, is 27 or 28 feet deep
and can be drawn down the whole depth. Tt is used for storage purposes alone, and there is rarely any waste of,'
water at the outlet. : :

4. Charlton or Granite veservoir, artificial, is controlled by Messrs. Buffum and I N. Slater. It contains 2460
aeres, will fill twice in the year, or the equivalent of once to an average depth of 16 feet, and drains 7 square
miles. '

5. Pierpont Meadow pond, in the northern part of the town of Dudley, is artificial, flows 100 acres, and averages,
say b feet in depth.

6. Plattepond, in Charlton and Oxford, is artificial. Its water-shed embraces 11 square miles, with steep and
impervious drainage slopes. This reservoir is 17 feet deep, covers 125 acres, and fills many times in the course of
a year. ‘ .

7. Burncoat pond, in the town of Leicester, 142 acres, can be drawn down 12§ fect from the top of the roll-way.
It is owned Ly the Rochdale Mills.

8, Cedar Meadow pond, in the sonthwestern part of the town of Leicester, flows 153 acres, and can LE drawn
down 11 feet. It is owned by the Rochdale Mills. Both Burncoat and Cedar Meadow ponds fill regularly in Spring,
and the water can be drawn quite thoroughly from their basins. The average depth for their entire surface is
probably not more than 6 or 7 feet.

9, Styles’ reservoir, artificial, is controlled by an association of mill-owners. It is 26 or 27 feet deep, flows 400
acres, and drains an area of 7 square miles. : ‘

Except as stated otherwise, the above reservoirs are owned Dy the Messrs, Slater, of Webster. In addition
to these sources of supply for Trench river, the Stevens Linen Works, of 'Webster, control 279 acres of storage,
comprised in a series of five reservoirs lying westerly from the village.

In the lower part of its course French river is perhaps 50 feet wide where ruuning freely, with a good current, and
shoals atintervals. Thereis but a small portion of its course below Webster,however, that is not controlled by dams.
But one unimproved privilege in that distance was reported; it lies between Mechanicsville and Grosvenordale,
includes 15 feet fall, and is owned and held for its own use by the Grosvenordale Company. In this section the
immediate valley of the stream is rather narrow, though it widens out oceasionally and incloses meadows, throngh
which the river flows between banks from 5 to 8 feet high. The bed of the stream is generally gravel, and its
waters are clear and of good quality; they bave no injurious action npon iron surfaces, but, if allowed to stand,
show a kind of gelatinons deposit which is supposed to be due to vegetable matter.

Power is used on the lower course of this stream as shown in the {following table:

Water-privileges on French river below the village of Webster (in order from the mouth).

. . Horse-
Locality. ’ . Oceupied by~ Trall. ower Remarks,
utilized.
i Teet,

Mechaniesville ......o.coel. ... Sayles & Washhurn ...ocooovue. 15 200 | Pondage estimated al 50 acres. Can run full eapacity by water all but one
or two days inthe vear. There jg always o surpluawhen the Grozven-
ordale mill is ranning, No trouble from backwater or ice. Manufuetare
faney cassimeres,

Mechanicsville-Grosvenordale.] Grosvenordale Company........ 18 foeeiieenaenn Tall unimproved and held for company’s 0wn nse.

Grosvenordale . 12 180 | Cotton goods; 20,000 spindles, Stone dam voll-way 116 fet long.

Do - 12 180 Cudtt(m goods; 11,000 spindles—harder drivingthan previous mill. Stone
urn. , :

Korth Grosvenordale ..........|...... 6 © 206% 400 | Two splendid brick mills for the manuficiure of cotton goods; 65,060 spindles.
Stone dam ; roll-way 104 fectlong, with a spill-\mynl'e(%lml]vng:lh for high
water. Pond of 80 acres, whiclvserves as reservoir forthe thres privileges.
Can realize 400 horse-power from water practically all the time ; 800 horse-

W X . power or mwore of stean also in use.

1M 4, K] .

P fson'sstation ............... Q. F. Chage. cceemevieeercniunas 12 45-50 | Manufacturcs eassimeres,

Iy station. ool Dudley Woolen Mills, Josiah [~ 10 75 | Fancy cassimeres ; 6sets of eaxds. Curving stone dam.

B Perry proprietor,

Blyw the village of Webster..| John Chase & Son8 .oeneevevenss 10§ [enevneononns Fancy cassimeres. The pondage at these npper privileges is small,and the
mills are dependent npon the running of those at Webster.

@ Both mills can run at fall capacity by water all the year. No hinderance from backwater or ice. Small ponds here, but at North Grosvenordale there is a

large pond which for five months in the year controls the flow of the stream.

Webster is a large manufacturing village, with extensive mills, nsing power from three different streams.
On the main Freuch river, at what is known as the South village, the Messrs. Slater (Slater Woolen Company)
Manufacture woolen goods, using 17 feet fall, 315 horse-power of water, and say 175 of steam. At the North
Vvillage, also on French river, they manufacture cotton goods, employing 18 feet fall, and an average of 200 horse-

vower of water and 350 of steam. 911
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At the Tast village, on the outlet of lake Chaubunagungamaug,.the same company has 'dyeing and finishing
works, with from 24 to 28 feet fall and utilizing 100 horse-power, which can always be realized from the supply
furnished by the lake. ) .. .

The Stevens Linen Works are located upon a small stream supplied by five TeServoirs, previously mentioned,
These have s combined flowage of 279 acres, and are in the main artificial, only one havmg. been & nai.bul'al pond.
They generally fill in the spring, but are soon drawn-down, and furnish enough water for running the.va,rlous wheels
at full capacity only abont three months in the year. Steam is used at the bleachery a partof the tmm?,, and at the
main mill eonstantly, At the former a 75 horse-power turbine is run under 12 feet head. At the main mill there
are two falls. The upper has a 40-foot breast-wheel, with buckets 15 feet wide, and is estimated at 150 horse-power;
the lower has a 20-foot breast-wheel, with buckets 15 feet wide, and is roughly estimated at 50 horse-power., The
Stevens Linen Works manufacture linen towelings, employ 400 hands, and use 800 tons of stock per year. The
principal mill is a handsome structure of stone, 200 by 70 feet in plan, five stories high, and Wit]? twc') large [s.

Passing above Webster, French river continues to be used at short intervals for power, but its size is reduced
and the mills are comparatively small,

%

MINOR TRIBUTARIES OF THE QUINEBAUG.

Mashamogquet brook runs southerly and then southeasterly through the town of Pomfret, Conneeticut, joining
the Quinebaug a mile or so above Williamsville. It drains 30 square miles, and is used for power by several small
gaw- and grist-mills. At Pomfret Landing, Binw’s 2-run grist mill bas 20 feet fall, 55 horse-power of wheels, and
is short of water during July and August. The brook is about 40 feet wide between banks in its lower course, has
a rapid descent, and is very unsteady, coming up and falling again quickly after rains. The common freshet-rise
at Pomfret Landing, which is near the mouth, is about 6 feet, but after a heavy winter or spring rain a rise of 16
feet has been known, widely overflowing the valley,

There is undeveloped fall on the stream, and opportunities exist for considerable storage. The people living
near are said to be anxious to have the power improved, and to be willing to assist in any enterprise looking to that
end. Six miles above Pomfret Landing, at what is known as the Nightingale privilege, it is claimed that, by
building a dam 250 feet long, 20 feet of water could be stored, flowing a surface of 600 acres. This privilege is
said to be owned by Mr. Joshua Angell, living nearby. It was reported, also, that at a point 2 miles above Pomfret
Landing there is an unoccupied privilege, with dam already built, where by putting in gates a considerable flowage
can be commanded. : '

" For ten months in un average year a discharge from this stream at its mouth of from 12 to 15 cubic feet per
second can probably be relied upon under the present conditions.

Alexander’s pond contains, by map measurement, 216 acres. It lies a little way east of the Quinebaug and
north of Williamsville, In winter Five-Mile river sends its surplus waters into this pond, but its ouly outlet is by
a small stream emptying just below the Williamsville mill. It can be drawn down 44 feét, and furnishes power
most of the year to O. 8. Arnold’s bobbin-shop, using 32 feet fall and 85 horse-power.

Litile river, or Muddy brook, comes down through the town'of Woodstock, Counecticut, and empties into the
Quinebang near Putnam. It is stated to Irave a rapid fall and to be used for power.at several points. by small
twine- and cotton-mills, For 1 mile above the mouth the fall on this stream, including two privileges of 16 feet
each, is owned by Mr. George Morse, of Putnam. Immediately above there was formerly a weaving-mill using 18

or 19 feet fall ; Woodstock pond, measuring 86 acres on an old state map, but represented to me as now flowing
over 200 acres, serves as a reservoir for this privilege.

THE YANTIC RIVER.

Formed by small streams rising in the towns of Lebanon and Colchester, Connecticut, the Yantic flows
southeasterly, and at Norwich joins the Shetucket to make up the Thames. It drains an area of 96 square miles,.
composed of a hilly country, well timbered away from the immediate valley and especially in the apper waters.
This district is well supplied with springs, and the river also receives aid from several reservoirs; nevertheless its
volnme sinks quite low in the dry season, and the mills generally rely upon steam for assistance then. The Yantic
rises rapidly after heavy rains, and is described as an angry little stream” at such times, Considerable running
ive passes down its course on the breaking up of winter, and slight hinderances-are suffered at times from anchor-
ice and backwater; trouble from these causes is not sufficient, though, to cause any stoppage of the mills, except
in rare instunees,  The stream is quite variable in width, but in the lower counrse, where running freely, does not
usually measure more than 50 or 75 feet across.

Of the reservoirs, Gardner's lake, situated on the boundary between the towns of Salem, Mbntville, and Bozral,.
i the largest. It tlows 816 acres, and drains an estimated surface of 3,268 acres; it is o natural pond raised by an

gﬂbaukment, can be drawn down 7 feet, and fills regularly, This reservoir is owned by the Falls Company, of
orwich,
212
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_The Bozrahville Company coutrols two reservoirs in the western part of the town of Lebanon. Neither their

pames nor

size could be learned with certainty, but they are probably the sheats of water represented on the maps

as Williams and Kent ponds. BV 1neasurenu'an.t- upon a conunty map of 1868, Williams pond contains 330 acres, and
Kent pond 83 acres; the latter lies below \V'Al]mms.pgnd, a short outlet joining them,

The Hayward Rubber Company owns. & reservoir in the southern part of the town of Lebanon, known as Cedar
Swamp reservoir; it is fed mainly by springs, covers 145 acres, and can be drawn down 10 feet,

Ttis stated that the country drained Dy the Yantie is very favorable to the construction of reservoirs, and that
the capacity in that respect might be xnnter"mlly increased. There are several small streams, of which Deep brook
is one, that would furnish a good supply of water and might be thus improved.

In'the 9 miles from Bozrahville to the wouth, including the more important part of the river’s course, the fall is
almost entirely taken up. It appears to be mainly concentrated in two sections. From a mile above Bozrahville
down to Fitchville it is rapid, amounting to 104 feet at four privileges. For 3 miles above the npper end of this
gection the fall is slight; it is also slight below it to the vicinity of the mouth, amounting to only 30 feet at three
privileges, but at Norwich the descent is again large. :

Principal water-privileges on the Yantio river (in order from the mouth).

Looality.

QOcoupied by —

Fall.

Horse-
power
utilized.

Remarks,

Doceeeennnns

Norwich TOWD cosavrvevennns
Bean Hill.oovuernnanas verenns

Yontio e eeeecaierianescncnans

Fitchville.eaceaoas teevronann .

Nrveevceteasranantaan taemponmay

Bozrahville..... rrenneraaeas
Dovivarvnnnn Cerinerenneas

Falls Company ...ev oot cemianmnas

Falls Company (upper privilega) .

Norwich Woolen Company .......
Clinton Mills Qompany

Yantic Weolen Compony .........

Titchville Manufaotaring Com-
pany. »

Boailoy cevinaniieniiane wavemeenns
Bozrahville Company..... truseaes

Hayward Bubber Company. ......

Feet.

17

i

30

859

300

176

Manulactures tickings and cheviote; 20,000 apindles. The river here falls
precipitously through o narrow rocky gorge, at the head of which is &
curvad stone dam from 160 to 170 foet long. ater is carried from the pond
in n race and used in two lovels, At the upper level 28 feet fall and abont
450 horse power are used ; attho lowor level 26 feet fall and 400 horsé-power,
Thesp amounts can borealized about nine months in the year; the rest of
the time the supply of wator is deficlent. Tide-water sets back to thia
privilego, and rises aboub 3 foet on the wheels,

Power lensed by Falls Company to Norwich Pistol Company and Allen Spool
Company, using, reapectively, 15 and 17 foet, f21l from a common racs, Fond
lurge, but shallow. Stone dam, 21 feet high, 20 feet wide at base, inclined
coping stones, 7 foet long; faco of dam batters 44 inches to 1 foot.

| Mapnfaetures blonkets and ropellents; 12 sets of cards.

Repellenta; 11 sots of cards, Stone and wood dam. Can run from soven to
ten months at fall capacity by water, but nses steam in low water,

Manufactures flannels; 10 sets of cards. Tses two 42-inch Swain and one
36-inch Hunt wheels, Can run full capacity nine months by water, and
estimates that power never falls below 50 horse-power. Framed dam, 70
foet roll-way. Smallpond. .

Cotton hgonds ; 18,000 spindles. Reccives tho benefitof Gardner’s Lake outlet,
which' empties shortly above here. Pondage aboat 90 acres above dam,
Latter is a stone and timber structure, 85 feet roll-way, In low water of
Auguat, 1882, about three-quarters of the capacity of the wheels was
Dbeing renlized. Canusually run nine or ten monthsin the yoar at full ca-

arity; in the dry season of 1881 the su{:ply in tho reservoirs falled, and
or o time thero was no watex here worth mentioning.

.1 Soow-mill,

Privilege unoccuploed, but held for compunly’s use, Already improved in
part by a dam giving from 10 to 12 feet fall. .

Mannfacturescotton zoods; 7,000 spindles, Can commonty run eleven months
in the year at full eapacity, but uses steam in Jow water. River is rocky
here, and dam rosts onnatural ledge.  Small pondage at dam, but company
controls two reservoirs proviously described, thelarger of which will main-
tain the snp{)ly at this privilege six weeks nnder ocdinary circmmstances,
and the smuller two weeks,

Grinding-mill,

Above the Hayward company is the Yantic Paper Company, and .there are possibly one or two saw- and
grist-mills still higher up stream, There is fall at the various reservoir outlets which is said to be used, in some
cases at least, by small saw- and grist-mills; but being regularly drawn down, the reservoirs can furnish power for
only a part of the year, and the amount on any one outlet would be small, '
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Utilized power on {ributaries of the Thames river.

e - s e ‘ = ” -
| | | 20 F (¢ 1§
Kind of mill or manu- | 8 2 88 | 5B
Stream. Tributary to what, State. County. |7 facture. g g ",é a E-E Romarks.
B2 |27 |9
& |8 |4
Faet. H,P. |H.P.
Thames HVer.oeon ovveeeee cocenn Long Esland sound. .| Connecticut ....[ New London. - [oooevevneennvnniannnnfoens O SN
" Bhotueket TiVET...uenrnnon. .‘ Thames . cueerennns |- RN T TP P P ( U Cotton.. ............... 1 l
P Bl&gﬁ}gggvggﬁs‘ca]em 1 14317 {1{ gg%_ }'mo Norwich,
Paper...c.eeeeennn. 2 J '
.| Flour and grist . 1
8 MO PN Cotton....ooveeecnne.. 3 81 2,580 | 250
Bandry smull fributaries....... . Woulen.ooerervennn . 3 63 265§ 150
U Worsted.ooveonennnn.t 1 28 0] 40
PUlPecniereeennnnnn. 1 12 1
Paper.cc.iermancvenen. 1 21 104 [......
Fire-arms. .o venene 1 40 10 10
Turniture .. 1 18 18 fenen..
L 8awo 3 44 84 f......
.{ Flour and grist . 1 12 50 [nen..
Woulen 2 24 148 |aeeens
Paper....... 1 14 63 [.ennnn
Cooperage e 1 10 30 20
Fertilizer® .ovuvnn.n... 1 26 15 eanaild.
Flour and grist....... B 82 97 80
| 8aw e 4 50 110 [......
Machinery.... 1 55 80 | anun
- ..do. Wooden types 1 30 1170 PO
‘Willimantic river and tributarles !....do coeeee.. ..., R (. S veerllO cerenni. | Cotton..aiecennnnnnn., 5 87% | 1,750 | 858 | Willimantic. The
Linen company
has three mills
here included,
whila a fourth ia
operated by steam
alone.

b 8 TP UUN : (- JPUUURIE & wedoocfiaidoee...,| Sashes, doors, and | 11..... P R I Rents power from
blinds; wood turn. Linen company,
ing and carving.

.| Tolland.......| Cotton .cuceuvennn.... [ 123 418 276
.| Woolen. 13 805 744 460
Shoddy evaenrnnann. 8 44 154 [vnunn.
Upbolstering mate. | 1 26 15 faeaees
Tials,
£ 25 100 75
1 10 30 15
3 84 [T .
....... 7 1463 | 155 |......
.................. 12 1434 226 f......
.......... 1 ki 10 j-...--
Blacksmithing........ 3 39 20 Y......
Boot and shoe flnd- | 1 40 12 J......
ings,
Machinery............ 3 86+ 50 15
| Wood turning and | i 35 40 ...,
carving,
-} Wheelwrighting...... | P 2 |l
«| Carriage spokes ...... 1 14
Wool extract ......... 1 18
Woodenpacking-boxes| 2 15
- Fire-arms veuves -ooe,. 1 29
Musical instruments, | 1 10
orgaxs,
L TR PR SN . S remnan RO B O I T N I 7 4 looeee. -
Natchaug river and tributaries..|... €0 .....,.. vanueas verodo.., Windham ..., D 29 75 ...
Do.... ..do 30 38
............ 20 ’ 20
05 179
1544-! 228
22 180 feeu..-
Woodpulp ........... 1 17 B T RPN
Agricultural imple. | 1 10 3B leener
ments.
Carriages and wagons.| 1 16 50 25
-| Wheelwrighting...... 2 27 18 i.....
Wood turning and | 2 17 28 [eanien
carving, ‘
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Notehoug river and tributaries ..

N -] I .
=| & & g
: ; A g ;%'t" Ty
Tributary to what, State. County, | Kind ‘”;-;gé}}lgf' manu- '2 % %E e Remarks.
2 b EE |23
E = =
8 £ | |%
& H 2 <
Foet, HDP (HP
Connecticnt ....| Windbam..... Fertilizors...... veu... 1 10 24 |.qen
.. Cordage and twine....| 1 11 5.,
Tin, copper, ete...... 1 11 65 oeen..
Cotton...uevarinnnne.s 1 14 60 1oens.n
Woolen.....vvvvunnn.. 1 20 50 50
15311 S 6 63+ 02| 22
SAW cinie e e e 4 83 87 foencnn
Wooden packing-boxes| 1 12 12 .
Blacksmithing........ 1 10 4
‘Wheelwrighting...... 1 5 [ 3 P
Cotton 8] 12 3, 440 |1, 035
Woolen ) I P 340 [vaen.n Fall included above.
I 1 9 100 {.en---
Cotton 5 80 1,110 feen.ns Thresmills ot South-
bridge and two in
Sturbridge,
.......... Print works ... i 143 85 [veenn.
--------- Woolen. ... 2 40 475 |ene.-.| Southbridge.
......... Bagging, ete .. 1 .
......... Flour nﬁd grigt..ocaaa| 1 2 2 188 |------
............ R 11 IR Y 2% 60 joun-n
............. doeieviiniiel 1
......... Papor.....ooeeianlf 2 } B 162 f-veeee
......... Spectncles and eye- | 1| = 7 35 |venes
glasses.
Cutlery nnd edge-tools.| 1 12 81 |ienann
BRW .cot civnirinnaeee 1 7 40 foeeen.
Machinery............ 1 [ 5 lovcann
.| Marble and stonework: 1 1] 20 {evaen.
Carringe and wagon | 1 9 20 {erneen
materials,
do TFlour and grist ....... g 20 52 leennne
18 3 3 P .
50 760 | 450 | Grosvenordale Cont
pany.
27 250 {ewunn-
84 461 | 890
........... 157 1,265 | 175
............... 124 195 30
............... 2 276 | (1)
............ .| Flour and grist.......] 6 98 158 |vne-ee
........................ 100 R I | 88 128 feennnn
PRTRFIR RPN [ SRR Wooden packing-boxes| 4 43+ 60 [earunn
....................... Wire coaceveiviiianenf 1 17 20 15
....................... Cutleryand edge-tools | 3 82 108 |......
. Cotton .o oeannennn... 4
...................... Woolen......... 1 } 75 868 .enn.- *
..-.do .. verle-ei@O voveas. .| Flour and grist . 1
....do .. ...| Tolland. ......| Saw «...ua.-. 2 34 40 1ecinne
c...do .. .{ Windham ....| Cotton. 129 625 2, 648 |1, 106
vewudo . Wooleh. cevenevenrnas 3 70 381 | 300
veedo .. ... Twine, etG.cccaven.... 1 ] 100 |o-nnas
.| Upholstering mate- | 1 12 60 |ineman
rials.
P ¥ O Flour and grist ....... 18 272 640 40
2 [ SN (S5 N 27 B11-4 1 6924 {.een-n.
.80 oeune...| Bashes, doors, and | 1 8 8 Jiweoes
Dinds, ‘
OV L Wheelwrighting . ... | 8 304 59 .
..do... .| Carriages and wagons.| 1}/ 4 3B f....
.0+ eure. .. Machinery coooenenooen 3 154 20 leae..-
w0 . reeoo .| Buddlery hardware. .. | 1 ieeeionn. 5 Jecrean
[ [/ IR TFertilizers .c......... 1 13 32
......................... voodo..o......| Drugs and chemicals .| 2 20 20 Juewes-
............... .. Providence...i Saw..e... caaeaio ] 2 390 7 A I
[ 1 RN PR 1 B Kenb.oooooonfoen 80 ceeevnnn, 3 47 B8 fouees-
PR S, Massnchusetts,.| Worcester... | Woolen ..oeenovciiioi | 2 23 58 55
.do . .- N PR I R veerllOioaan .0 Bagging, ete ..ol ] 1 360 200
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Utilized pmwer on tributaries of the Thames river—Continued.

4 3 8 :
20 ¥ | e |&
2l 8 1R 1%,
Stream. Tributary to what. | State, County. Kind °§a’é’¢'3,1r‘§ - ; 3 éé E’E Remarks,
a 2 21 A
| Feet. | H, P, |H.P.
All other tribataries. aeevs < eueees| Quinebang..o....... Mansachusetts..] Worcester,... | Buttons cceovineennnt 1 T 8 eanann
‘ Jeaarll0 ceurnrveoeidern@0oerne...| Spectacles and eye- | 1 9 [ 3 O
plasses.
S P (¢ SO verrllOoero.....] Flourand grist. ...... 2 29 49 |......
L BaW et veiniceaaes 5 384 87 |anmasn
........... waeslOanes....| Sashos, doors, and| 1 12%% 25 leennan
Llinds,
.| Cutlery and edge-tools.| 8 154 b I 35 PUDRNN
Woolen [ 25 PO, 115 | 180
Saw..... 2 21 36 |..c.n.
Brick- and tile-works..; 1 42 45 |eeaane
Cotton . ccvveraanrnenns 3 107 1,275 | 400
‘Woolen .- 8 30 315 | 210
Vuleanized rubber....| 1 30 175 |,eeens
Paper....c. cveevaeens 1 24 105 |aaa.-.
Flour, grist, and saw .| 1 -8 60 |.o..e.
.| Fire-arms ...o.eennu.e 1 } 17 05 |oono.
Spools 1
Flour and grist 2 28 34 feeeon.
Saw 3 50 112 jo.....
Wheelwrighting.. 1 7 0 feeune.
COttOR veveneivennnnnns [ 138 480 | 248
Woolen. ... -7 121 275 70
. Paper.caecaian [ 129 280 60
Dyawoods, dye-stuffs, | 1 14 50 40
and extraocts.
.| Flour and grist ....... 10 208 | =al.....
Saw...... cenveeseraes 8 n7 161 Jooeen.
Y T 1 DRSO JURN | D ‘Wheelwrighting...... 1 7 5 {eeennn

II.—THE CONNECTICUT RIVER AND TRIBUTARIES. .

THE CONNECTICUT RIVER.

[

This stream, the most important one reaching Long Island sound, rises in the Connecticut lakes, in the
extreme northern part of New Hampshire. 1t flows in a general southerly direction, forms the boundary between
Kew Hampshire and Vermont, and, passing across the states of Massachusetts and Conunecticut, empties toward the
eastern end of the sound. Its length by general course is about 300 miles; following the windings as closely as
possible on state maps, the length measures about 875 miles, and probably this is somewhat under the true distance.
The drainage basin includes 10,924 square miles, In shape it is long and narrow, ranging from 40 to 50 miles in
width in the npper course, and not much exceeding 60 miles in Massachusetts, where it is widest. In the north
the section drained by the river is hemmed in by the White mountains of New Hampshire and the Green mountains
of Vermont; to the sonthward, through Massachusetts and Connecticut, the water-shed lines are continued by
ranges of high rocky hills. The character of the country thus included has been sufficiently described in th;s
general remarks npon this part of New England., The impermeablp rock which nnderlies the énrface, the sands,
gravels, and (:la:\js of the drift soil, all favor the formation of springs, which, together with numerous lakes and
storaggﬁb reservoirs, render the various minor streams, and in consequence the main river, steady and well
sustained in droughts,

For the first 200 miles from its souree the river containg numerous shoals and rapids and occasional abrupt
pitclies; but below DBellows TFalls the general deacent Decomes muoceh slower, and is broken by falls or important
rapids ut only _t{nroe peints—Turner'’s Falls and Holyoke, Massachusetts, and above Windsor Liocks, Connecticut.
A.t ma‘uy Tocalities alou g.t he }1}»1)er course the high hills which inelose the valley approach close to the stream, and
give r{:& to scenery which is beautiful though rather rugged; farther south, and especially in the vicinity of
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